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ABSTRACT

The number and distribution of sockeye salmon (Oncorhynchus nerka) rearing in
two glac;a1 lakes (Skilak and Kenai Lakes, Alaska) was estimated from
hydroacoustic surveys conducted in the fall of 1986. Application of a dual
beam acoustic system during the survey allowed the collection of in situ
target strength (and backscattering cross section) information for scaling of
the echo integrator outputs to absolute fish density.

The average target strength of fish sampled in Skilak and Kenai Lakes was
-53.78 dB and -55.35 dB, respectively. Statistically significant differences
in target strength were measured between 5 mdepth strata for both lakes.

Approximately 21.5 million fry were estimated to inhabit Skilak Lake, with
the majority (6~) located in the western third of the lake. In contrast,
Kenai Lake was estimated to contain approximately 4.5 million fish and fish
distribution was consistent with that observed in Skilak Lake (62% of the
fish were located in the western third of the lake). The depth distribution
of rearing fry was similar in both lakes with the highest densities of fish
found 15 mbelow the surface. Tow netting of the lakes indicated that 97%
and 8~ of the targets were age-O sockeye salmon in Kenai and Skilak Lakes,
respectively.

Comparison of the results of a survey of Kenai Lake during the day with the
results of an evening survey indicated strong surface orientation of rearing
sockeye salmon during the day.

The estimate of rearing sockeye salmon fry from these glacial lakes will be
used to develop a forecast methodology for adult return to the drainage.

KEY WORDS: hydroacoustic survey, sockeye salmon, target strength, glacial
1ake, Alaska.
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INTRODUCTION

The commercial salmon fishing industry within the State of Alaska is a
multi-million dollar industry which requires factual and accurate information
on the status of the fishery resource. Of particular significance to the
industry is the forecast of returning adult salmon to the fishery. This
information is used for a variety of planning purposes including securing
loans, planning market strategy, setting starting prices for the raw
product, and establishing operational dates and logistical requirements. In
this context, the State of Alaska annually provides a statewide forecast of
salmon returns to the fishing industry (Eggers 1986).

For Upper Cook Inlet, Alaska (Figure 1) the forecast of adult sockeye salmon
(Oncorhynchus nerka) returns is based on spawner/return relationships (Tarbox
and Waltemyer 1986). Unfortunately, the data base is limited to just a few
years of returns because the glacial character of the major sockeye salmon
systems prohibited the enumeration of spawning adults until the early 1970's
when refinement of hydroacoustic techniques allowed counts to be made (Tarbox
et al. 1983). In addition, a forecast of returns based strictly on adult
spawners is subject to extreme variability and assumptions regarding density
dependent factors (Ricker 1954). Ideally, the enumeration of migrating
sockeye salmon smolt as they exit these river systems would document
freshwater production and provide data to establish a second relationship to
adult spawners. However, the glacial nature and size of the major sockeye
salmon producing systems in Upper Cook Inlet makes a smolt enumeration
project cost prohibitive. Therefore, a secondary forecast technique
independent of adult spawner/return relationships and/or smolt enumeration
was desired.

Recent advances in the field of hydroacoustic enumeration of rearing sockeye
salmon fry in lake systems provided an alternative to smolt enumeration. The
use of hydroacoustic techniques for this purpose was initially tried in the
1960's (Rogers 1967), but the limitations of the acoustic eqUipment made
this approach appear unsuccessful. However, technological advances since
those early days have resulted in numerous successful applications of
hydroacoustic equipment for estimating juvenile sockeye salmon densities in
lakes (Thorne et al. 1975; Thorne and Woodey 1970; Dawson 1972; Nunnallee and
Mathisen 1972; Lemberg 1975; Thomas 1980; Thorne and Thomas 1982, 1983, 1984;
Thomas et a1. 1986 [a, b], 1987). The development of in situ target strength
measurements by application of a dual beam hydroacoustic system (Ehrenberg
1974; Burczynski and Dawson 1984; Traynor and Ehrenberg 1979) has
significantly expanded the opportunity to refine echo integration for
estimates of absolute abundance (average backscattering cross section is now
available in situ). Burczynski and Johnson (1986) recently reported the
successful application of this approach for Cu1tus Lake, British Columbia.

Obtaining an estimate of the number of rearing sockeye salmon fry also
provides the opportunity to augment biological information on rearing sockeye
salmon in glacial lake systems of Alaska. Historically, biological data have
been based primarily on methods which provide catch per unit effort data
(notably tow nets and fish traps). These methods suffer primarily from
limitations on effort, but also are affected by fish density, distribution,
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and behavior. To date, the costs associated with obtaining adequate sample
volume in low fish density situations typical of glacial systems has limited
the usefulness of these data. However, the sampling power of hydroacoustic
techniques has resulted in new effort to document the biological requirements
of rearing sockeye salmon fry in glacial systems. Within Upper Cook Inlet,
an extensive study of Tustumena Lake has been underway since 1981 (Tarbox et
al. 1984; Flagg et al. 1985, 1986) as part of a hatchery evaluation project.
In addition, lake enrichment studies have been evaluated and reported on by
Koenings et al. (1986) for seven lakes. The results of these studies are
helping to define the role of density dependent and density independent
factors which impact sockeye salmon rearing success.

The project reported herein is part of the continuum of rearing sockeye
salmon fry studies of Upper Cook Inlet, Alaska. The system investigated in
this paper was the Kenai River drainage (Figure 2), which is the major
sockeye salmon system of the Inlet with annual adult returns reaching over
3.0 million fish (Cross .et al. 1984). The drainage encompasses approximately
5,200 kmA2 of the western Kenai Peninsula. Mean annual discharge of the
river, measured at River Mile 19, is 5,340 cfs and the river is classified as
underfit (the present flow regime is less than the river bed is capable of
passing, Scott 1982). Peak flows occur in the summer as a result of glacial
melt and precipitation runoff. The system has a number of sockeye salmon
rearing lakes which include Kenai, Skilak, Hidden, Upper Russian, Lower Jean,
and Tern. However, the major production is assumed to be from Kenai and
Skilak Lakes, which are glacially occluded, and Upper Russian Lake. Both
Kenai and Skilak Lakes are characterized by steep shorelines and water depths
in excess of 400 mand 160 m, respectively.

METHODS

Hydroacousticsurveys of Kenai Lake were conducted on 26 September 1986 (day
survey) and the night of 30 September 1986. A single survey of Skilak Lake
was completed the evening of 6 October 1986. The selection of sampling dates
was predicated on the assumption that sockeye salmon fry had left the
littoral areas of the lakes and moved to the adjacent limnetic areas. This
behavioral pattern has been documented for a number of sockeye salmon systems
and within the Tustumena Lake system on the Kenai Peninsula, Alaska (Thorne
and Thomas 1982). In addition, recruitment of sockeye salmon fry into the
lake systems was assumed to have been completed and the higher rates of
mortality associated with summer rearing had decreased to the more consistent
rates of winter rearing. Initially, the day survey of Kenai Lake was to gain
an impression of fish distribution and bottom characteristics of the lake as
well as logistical requirements associated with the survey techniques and
equipment. The night surveys of Kenai and Skilak Lakes were conducted to
estimate population densities. Night surveys were selected to increase the
probability of fish detection because of midwater orientation as opposed to
surface or bottom orientation.

The survey design was based on transect sampling in a zig-zag pattern for
both lakes and consisted of six transects in Skilak Lake (Figure 3) and 22
transects in Kenai Lake (Figure 4). The selection of a zig zag pattern was
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based on: 1) ease of transecting during the night; and 2) the results of
Kimura and Lemberg (1981) who reported that stratified methods of sampling
(i.e., zig zag) were uniformly more efficient than random parallel sampling,
especially at low sampling intensities.

The hydroacoustic equipment for survey data acquisition consisted of a
8iosonics, Inc. Model 105 echo sounder with dual beam receivers, a 420 kHz,
6/15 degree dual beam transducer mounted in a towed body, a Model 171 tape
recorder interface, a Sony model SL-HF400 video cassette recorder and
PCM·501ES digital audio processor, a Model 115 chart recorder, and a Model
315P oscilloscope. The selected pulse width was 0.4 milliseconds (ms) and
the ping rate varied from 5-6 pings/second (additional acoustic parameters
used during data collection and processing are presented in Appendix Table
1). The system was calibrated at 8iosonics. Inc. prior to and following the
survey. The entire system was powered by batteries and the equipment was
housed in a 22 foot vessel powered by alSO hp outboard motor. Transect
speed was estimated at 2.7 meters/second (m/s) and beginning and end points
of the transects were marked with flashing lights prior to darkness. The
towed body was apprOXimately 1 mbelow the surface during transecting.

Data reduction and analysis was facilitated by the use of microcomputers and
associated software. Dual beam data were processed through a Biosonics, Inc.
Model 181 dual beam processor. A returning 'pulse was accepted as a valid
target if the amplitude of the pulse was below the bottom threshold of 5000
millivolt (mV; -36dB) and above the threshold level of 98 mV (-70dB). Single
targets were separated from multiple targets if the pulse width was within
20% of the transmitted pulse width at -6 decibels (dB). The beam pattern
threshold was selected at -4 dB. Data stored by the dual beam processor' were
transferred to microcomputer data files for analysis using Biosonics, Inc.
software program TSl12 (revised). Computation of target strengths and
backscattering cross sections were made and printed out by preselected 5 m
depth intervals. Individual echos were used to calculate the mean target
strength.

Estimates of fish density were made for each transect by echo integration
using a Biosonics, Inc. Model 120 echo integrator (representative echograms
for each lake are presented in Appendix Figures 1-4). Correction from the 40
log(R) setting used during data collection to 20 log(R) for data processing
was accomplished by adjusting the B constant value for each depth strata
(Appendix Table 1). The TVG crossover for the system was 2.7 m. The depth
strata selected for analysis were 5 m increments starting 2 mbelow the
transducer (3 mbelow the water surface). Data were processed to 52 mand 97
mbelow the transducer in Kenai and Skilak Lakes, respectively (visual
examination of oscilloscope and chart recordings indicated no fish present
below these depths). Voltages from returning echoes were averaged in
I-minute sequences along each transect and the integrator outputs were
transferred to diskettes for further reduction and analysis through use of
Biosonics, Inc. software entitled Crunch (version 2.43). Fish density was
obtained by averaging the integrator output values across the transect by
depth strata and multiplying by the integrator scaling factor (derived from
mean backscattering cross section obtained with the dual beam processor).
The mean backscattering cross section value was selected by depth strata from
the transect of interest. In the case where the sample size for establishing

-4-



the scaling factor was less than 150 echoes, the mean backscattering cross
section for all transects combined for that depth strata was used.

Total fish abundance in each lake was calculated by dividing Kenai and Skilak
Lakes into three and five areas, respectively (Figures 3 and 4) and summing
the calculated abundance for each area. Transects located within these areas
were treated as replicates and the estimated number of fish within each area
was calculated from an estimate of water volume by depth strata multiplied by
the absolute fish density for that depth strata. Water volume was estimated
from analysis of the proportion of the transect sampled for each depth strata
and an estimate of surface area from planimeter measurements of each area
from USGS maps. The final number of fish for each area was estimated by
calculation of a mean by adding each transect estimate for the area of
interest and dividing by the total number of transects. Corrections for bias
associated with surface orientation of fish (i.e., within 3 mof the surface)
were made from extrapolation of measured vertical distributions of fish
density plotted from mean densities per stratum to the surface. Fish
associated with the bottom and not available to the hydroacoustic system were
estimated by multiplying the average fish densities measured just above the
bottom times the volume of water not sampled (a bottom window of 2 mwas
selected during data processing).

In an effort to quantify species composition of measured fish targets, tow
netting (utiliZing a 2.7 mx 2.7 mBurgner tow net) was conducted on 13
October 1986 in Kenai Lake and on 15 and IZ October 1986 in Skilak Lake. A
total of 210 and 810 minutes of surface tow netting were completed for Kenai
and Skilak Lakes, respectively. Sample locations were in areas previously
identified to have relatively high fish abundance (Figures 3 and 4). All
fish captured were enumerated and identified, and preserved in 10% formalin.
In the laboratory, specimens were measured to the nearest mm (fork length)
and aged from analysis of scale patterns.

RESULTS

Approximately 96.6~ of the 235 fish captured by tow net in Kenai Lake were
age-O.O sockeye salmon and the remainder were age-I.O sockeye salmon. Tow
net results from Skilak Lake were less than satisfactory. Although 810
minutes of tow netting took place in the lake, only 18 fish were captured and
of these 15, or 88.~, were age-O.O sockeye salmon, two were age-I.O sockeye
salmon, and the remaining fish was a threespine· stickleback, Gasterosteus
aculeatus (Table 1).

Mean fork lengths of sockeye salmon for each age class by lake system are
presented in Table 1 and a length frequency histogram for Kenai Lake
specimens in Figure 5. Age-O.O sockeye salmon captured in Kenai Lake at a
mean of 52 mm were approximately 5 mm smaller than those captured from Skilak
Lake. A differential of 3 mm was noted for age-I.O sockeye salmon with Kenai
Lake specimens averaging 74 mm as opposed to 77 mm for Skilak Lake.

Compilation of all single echo measurements for target strength determination
in Kenai Lake indicated a mean target strength of -55.35 dB with a standard
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deviation of 4.74 dB (n • 21,519; Appendix Table 2). Skilak Lake
measurements were similar with a mean target strength of -53.78 dB with a
standard deviation of 4.69 dB (n • 25,157; Appendix Table 3). Of the echos
measured, approximately 5,215 and 5,302 had beam pattern factors greater than
a dB for Kenai and Skilak Lakes, respectively (80% were within the range of
a to 1 dB). Graphic representation of the data by depth for both lakes is
presented in Figures 6 and 7. An apparent pattern of decreasing target
strength with depth was evident in the data set. Within Kenai Lake, surface
measurements (2-7 m) averaged -52.34 dB, decreasing consistently to -58.24 dB
for the 42 m- 72 mdepth strata (Appendix Table 2). Similarly, surface
measurements decreased from -50.63 dB near the surface to -55.42 dB at 37 ­
42 mdepth in Skilak Lake (Appendix Table 3). Test of the hypothesis of no
difference in target strength with depth for each transect resulted in the
rejection of the hypothesis for all Skilak Lake transects and 18 of the 22
Kenai Lake transects (alpha 0.05; Appendix Table 4).

As previously noted, the estimation of the total number of fish in the lake
systems was derived from the summation of three components: a) the actual
measurement of fish targets during the hours of darkness by hydroacoustic
techniques (Table 2); b) the estimate of those fish in the surface waters
above the transducer (Table 3); and c) the estimate of fish below the bottom
window of the data processing equipment (Table 4). The total estimate of
fish in Skilak and Kenai Lakes was 21,452,000 and 4,493,800 fish,
respectively (Table 5).

Relative to the spatial distribution of fish within the lake systems, a
pattern was observed with most of the fish located near the western end of
the lakes. Approximately 68S or 14,675,000 fish were located in Area 1 of
Skilak Lake, which comprised 43.5% of the surface area of the lake and 26.1%
of the volume sampled (Table 6). Within Kenai Lake, 62% of the fish were
located within Areas 1 and 2 which were estimated to be 35.4% of the surface
area of the lake and 31.9% of the volume sampled. Lowest densities of fish
were observed at the eastern end of each lake. Only 3% of the fish were
located in Area 5 of Kenai Lake, which was 19.7% and 19.4% of the surface
area and volume sampled, respectively. The same distribution was observed
in Skilak Lake with only 9% of the fish found in Area 3 which was 22.7% and
30.1% of the surface area and volume (Table 6). Individual transect
estimates of volume and fish numbers by depth strata for each lake are
presented in Appendix Tables 5 through 32.

Further analysis of the horizontal distribution of fish was accomplished by
the vertical summation of fish densities for five individual one minute
sequences and computation of a mean fish density per 1000 square meters
(Appendix Tables 33 and 34; Figures 8 through 10). Within Skilak Lake, the
maximum fish density (1,360 fish/l000 square meters) was recorded on Transect
1 near the north shore of the lake. However, consistently higher relative
fish densities were observed on the south shore of the lake for Transects 1-4
(Figure 8). Relatively equal densities across the lake were observed for
Transects 5 and 6 and, consistent with the volume estimates, the surface
estimates were indicative of lower fish numbers at the upper end of the lake
(Figure 8). Considerably lower fish densities were measured in Kenai Lake
with a range of measurements from 0/1000 square meters (Transect 18) to a
high of 476/1000 square meters along Transect 10 (Appendix Table 34; Figure
9). No obvious distributional patterns across the lake were evident in the
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data set. However, as with Skilak Lake, the headw~ters of the lake had the
lowest overall densities (less than 46 fish/lOOO m ).

The vertical distribution of recorded fish targets, during the hours of
darkness, followed a similar pattern within all Skilak Lake transects. Most
fish were located between 7 and 22 mbelow the transducer (Figures 11 through
13; Appendix Tables 5 through 10). Along Transect 2 fish densities reached
26.22 fish/lOOOm 3 for the 7 • 12 mdepth strata, which were the maximum
observed in the lake. Similar densities wer§ recorded for the same depth
strata along Transect 1 at 25.98 fish/lOOOm ~3 Peak densities for the other
transects ranged from 3.31 to 8.97 fish/lOOOm (Appendix Tables 5 through
10; Figure~311 through 13). Below 32 m, fish densities were less than I
fish/lOOOm • In contrast, Kenai Lake did not exhibit the same degree of
similarity between transects (Figures 14 through 18; Appendix Tables II
through 32). For example, maximum fish density was observed in the near
surface strata in 22~ of the transects surveyed, between 12 and 22 m in 64%
of the transects, and at variable depths in the remaining 14%. The maximum
density measuredA~n Kenai Lake was along Transect 10 where densities reached
20.25 fish/IOOOm between 17 and 22 m (ARsendix Table 17). In contrast,
peak densities were less than 5 fish/lOOOm on 16 of the 22 transects A
sampled. The remaining transects (except 10) had less than 9 fish/IOOOm 3.

The vertical distribution of fish targets recorded in Kenai Lake during the
hours of daylight were in sharp contrast to the measurements taken during the
hours of darkness. Of the 12 transects, nine or 75% had peak densities at 2 ­
7 m below the transducer (Figures 19-21; Appendix Tables 35-46). A sharp
increase in density from essentially 0 fish to peak densities occurred in
seven of the transects beginning at 7 m. Few fish were observed below 22 m
and essentially no fish were found below 47 m (data was processed to 97 m for
the daylight survey). Further evidence of a strong surface orientation
during the day was indirectly inferred from a population estimate for the
lake. Using similar techniques as the night survey, the population estimate
for the lake would have been 1,827,668 fish jn contrast to the 4,203,000 fish
estimated from the actual measured densities during the hours of darkness.
The steep shoreline of Kenai Lake makes a near bottom orientation of fish
unl ikely.

DISCUSSION

The use of rearing fry estimates as a forecast tool is predicated on the
following assumptions: (I) that an absolute estimate of rearing juvenile
sockeye salmon is obtainable in the system of interest; and (2) that the
estimate has some predictable relationship to adult returns. Relative to the
first requirement, the present investigation has provided an estimate of the
number of rearing fish in Kenai and Skilak Lakes. The estimate, however, is
dependent on a number of assumptions which may introduce error.

Errors in the population estimate can result from bias associated with
sampling design and inaccurate estimate of the integrator scaling factor.
The sampling design in the present investigation was established without
prior knowledge of fish distribution and therefore an error associated with
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non-representative sampling is certainly possible. For example, the zig-zag
pattern of sampling essentially represents large areas of the nearshore
region on the basis of transects which converge together. In addition, the
bias associated with surface and bottom orientation of fish is not well
defined. Within the present investigation, the surface and bottom
corrections comprised approximately 20% of the total estimate (both lakes)
and 22% of the Skilak Lake estimate. Refinement in data processing by closer
bottom tracking and the use of an upward looking transducer to further
evaluate surface orientation may be warranted. However, the midwater
orientation of most of the fish during surveying makes the error associated
with these phenomena less significant than a strong surface orientation
(which was observed during the Kenai Lake day survey).

The use of a zig zag sampling design, while allowing greater tracking
distance, limits the use of the calculated variance to an illustrative value
only. The calculated variance estimated from between transect variation
assumes that the transects were randomly selected or that the population is
randomly distributed (Jolly and Hampton, jn press). These assumptions are
not met and, therefore, the variance calculation should be viewed
accordingly. Jolly and Hampton (jn press) suggest that systematic samples
may have a slight gain in precision compared to random samples but the
variance will be correspondingly overestimated if it is estimated by formula
appropriate to a random sample. .

The parameters used to calculate the integrator scaling factor are an
additional source of potential error. In an attempt to minimize this, the
hydroacoustic equipment was calibrated before and after the survey and no
major system errors were documented. Potentially, the most significant
source of error is associated with the estimate of the fish mean
backscattering cross section. The results of this investigation appear to be
reasonable relative to the size frequency distribution of the fish sampled
when compared with published target strength data for juvenile sockeye
salmon. For example, Burczynski and Johnson (1986) reported a target
strength of -52.3 dB for 45-mm sockeye salmon. McClain (1985), using a dual
beam system in Tustumena Lake, Alaska, reported a target strength of -53.0 dB
for 45-mm age-O.O sockeye salmon. Using the empirical formula of Love
(1977), the target strength of the fish captured in Skilak and Kenai Lakes,
at 45 degrees orientation, would be -51.89 and -52.62 dB, respectively.

The apparent decrease in target strength with depth in both lake systems is
not explainable at this time. The hydroacoustic equipment, specifically the
TVG correction, appeared to be accurate and stable during data collection.
Therefore, the decrease in target strength with depth may represent a
biological phenomena, or the potential loss of signal associated with the
glacial nature of the environment (i.e., absorption loss). While no data
presently exist to verify the potential for absorption loss, varying target
strength values resulting from biological factors such as species
differences, orientation or tilt angle, and age composition changes with
depth, have been documented on numerous occasions in other systems. In
either event, the analysis of data in discrete 5 mdepth intervals minimized
the impact of change in target strength with range.

Inherent in the preceding presentation of results is the assumption that most
of the fish targets measured were sockeye salmon. This assumption was based



on the results of the tow netting effort which indicated that other species
were absent in Kenai Lake and relatively insignificant in Skilak Lake. The
tow netting results are consistent with previous tnvestigations conducted in
the lake by ADF&G and the general knowledge that sockeye salmon juveniles
tend to inhabit the offshore zone of the lake environment in the fall.

However, this assumption is based on one sampling technique only and should
be viewed accordingly. The depth distribution of the fish targets,
especially in Skilak Lake, makes surface tow netting suspect relative to
making an accurate measurement of species composition. In addition, the
concept of a single species environment does not appear to be biologically
sound since adult rainbow trout, Dolly Varden, whitefish, and other salmon
species juveniles have been documented to inhabit the lake system.
Therefore, the final estimate of relative species abundance will need further
investigation. In the absence of this data, we have assumed that the
majority of fish targets are sockeye salmon since both the physical location
of the targets and the production of this species from the drainage has
predominated the historical record.

A relationship of sockeye salmon fry or smolt numbers to adult returns has
not been established for the Kenai River drainage and therefore it will be a
number of years before a definite conclusion will be reached on the
usefulness of these techniques as a forecast method. However, similar data
collected from Tustumena Lake, Alaska (Flagg et a1. 1986) has provided
incentive to continue this program. During these studies hydroacoustic
estimates of the number of juvenile sockeye salmon rearing in Tustumena Lake
(Thorne and Thomas, 1982, 1983; Thomas et al. 1986a, 1986b, 1987) were made
concurrent to estimates of the number of migrating smolt at the outlet of the
lake. During four years of investigation, the smolt counts have ranged from
approximately 74~ to 87~ of the number of juvenile sockeye salmon estimated
in the lake the previous fall (examined on a brood year basis). This
relatively consistent overwinter survival rate appears to offer a reasonable
opportunity of success in monitoring the freshwater production of juvenile
sockeye salmon.

Data on the spatial and temporal distribution of juvenile sockeye salmon in
the Kenai River drainage was a secondary product of the study. The pattern
of higher fish densities near the outlet of both lake systems requires
further investigation as to the consistency of this distribution, both
spatially and temporally. The authors offer no explanation at this time
relative to these observations. However, of equal importance is the relative
comparison of population estimates between Skilak and Kenai Lakes. From the
data gathered, Skilak Lake had approximately four times the number of rearing
fish as Kenai Lake, yet Kenai Lake is approximately one-half the surface area
of Skilak Lake. A more meaningful comparison between the two lakes than
surface area, is their euphotic volume; defined as the volume of the lake
associated with autochthonous primary production. Koenings (ADF&G, Soldotna,
personal communication) has estimated the euphotic volume of Skilak and Kenai
Lakes to be 842 and 392 million cubic meters, respectively (a ratio of
2.1:1). An empirical model for glacial lake systems, based on euphotic
volume and developed by Koenings (personal communication) suggested that
Skilak and Kenai Lakes should be capable of rearing, on average (assuming 78%
survival from fall juveniles to smolt), approximately 25 and 11 million fall
juvenile sockeye salmon, respectively. The population estimates for Skilak
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Lake compare favorably with these values. However, the Kenai Lake estimate
is only 45~ of the predicted value. If consistently lower numbers are
documented in future investigations, the results may imply that Kenai Lake is
spawning limited, although the authors are not suggesting this here.

The sizes of juvenile sockeye salmon measured in both Kenai and Skilak Lakes
are consistent with previous tow net results (Tarbox et al. 1984). While the
relatively small size of juvenile sockeye salmon can be indicative of a
density dependent rearing limitation, this relationship for glacial systems
is questionable. Koenings et al. (1986) suggested that density independent
factors may be as important in limiting fish production. Within glacial
lakes, the temperature regime of the lake appears to be critical to fry
growth and survival (Koenings et al. 1986). Therefore, the population
estimates for both Kenai and Skilak Lakes, combined with the size frequency
data, should not be construed to mean a system at rearing capacity.

The observation of near surface distribution of juvenile sockeye salmon in a
glacial lake system was initially reported by Thorne and Thomas (1982).
Within Tustumena Lake, they observed that diel variability in juvenile
sockeye salmon density was most obvious '1n September (i.e., higher fish
densities were measured in the upper 10 mduring the day). They hypothesized
that this unusual diel pattern was an effect of reduced hours of daylight in
the fallon the feeding behavior of sockeye salmon. The present
investigation tends to verify the surface or1entation of juvenile sockeye
salmon during the hours of daylight. No data exist to verify the hypothesis
of a feeding response to light levels. However, the euphotic zone within
Kenai Lake has been estimated at approximately 7 m, which would suggest that
the availability of light is severely limited.

In summary, the utilization of the dual beam hydroacoustic system, within the
glacial lake systems of the Kenai R1ver drainage, has increased the data base
significantly on the abundance and spatial distribution of rearing sockeye
salmon. The ultimate use of these data as a forecast tool is yet to be
decided. However, of.equal importance is the increased knowledge future
fishery biologists will gain on the salmon rearing abilities of these lake
systems.

In an effort to improve the sampling program, the following recommendations
are suggested for future investigations:

(I) the sampling design should be modified to use a random design. Because
of the apparent differences in density between geographic locations
within the lake, a stratified random sample of parallel transects is
recommended. This design meets the statistical requirements necessary
for variance calculations (Jolly and Hampton, in oress);

(2) further investigation into the reason for the target strength
distribution is needed. If absorption loss occurred because of glacial
silt or some other unknown factor, it could impact future
investigations in a number of lake systems in Alaska;

(3) tow netting results were not satisfactory and, therefore, alternate
sampling techniques should be explored;
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(4) the use of new analysis techniques and estimation procedures should be
further explored as they become available; and

(5) limnological data should be collected concurrent to the hydroacoustic
survey to evaluate observed fish distribution relative to environmental
factors.
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Table 1. _ill l:IIaISitian alld _ ll!llgth at 19& of fim caotured by tllll I'IRt in Kenai aJlII Skilak LakRs,
Alulca, 1986.

EFFORT

IUbIr of SallJle Size Mean l.RIIgth IFLl
1

IlItn 9taUCIIII Minutn of
LacatiClll of SMpli,,!! _IRd Tlllling Sjlcin ApO Api ApO Age 1

KMai LakR 10113186 4 210 ~ t 'ZZT 8 52 74

" 96.6 3.4

Skilak LakR lOn, ~86 13 810 SadceyR t 15 2 77

" • 88.2 11.8

Coho 1 42

1 FL - fork ll!llgth
lRngIh in 1li11__

DnR tI1rBIpine sticklRbll:k allO tUin in Skilak liU.
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Table 2. The estimated number of fish in Kenai and Skilak Lakes,
Alaska as determined from acoustic surveys in the fall
of 198b.

)

Estimated
Number of

Lake Area Transect Fish Variance
----------------------------------------------------------------- '.Skilak 1 1 1. 115bE+07

2 B.b424E+Ob
lIlean 9.B9'12E+Ob 3.1591E+12

2 3 5.347bE+Ob
4 4.4B50E+Ob

mean 4.9163E+06 3.7204E+ll

3 5 2.0B4bE+Ob
6 1. 5B41E+Ob

mean I.B344E+Ob 1. 2525E+ 11

'.
TOTAL ALL AREAS 1.665QE+Q7 3.6564E+12

Kenai 1 b I.B044E+05
7 5.B4bbE+05
B 1. 4132E+Ob
9a 5.4323E+05

mean b.B03BE+05 2.71b5E+ll

2 9 1. 1534E+Ob
lOa 1. 9731 E+Ob

10 3.6799E+06
11 9.1455E+05

mean 1.9302E+Ob 1.5661E+12
')

3 11 4.2020E+05
12a 4.bI29E+05

12 5.3408E+05
13a 4.9907E+05
mean 4. 78bbE+05 2.4024E+09

~.

4 13 1. 4.448E+Ob
14a 1.50bbE+Ob

14 B.379bE+05
15a 1.B419E+05
mean 9.9339E+OS 3.B204E+ll

-----------------------------------------------------------------
'~.continued
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Table 2, continued. The estimated number of fish in Kenai and
Skilak Lakes, Alaska as determined from
acoustic surveys in the fall of 1986.

Lake Area Transect

Estimated
Number of

Fish Variance

Kenai 5 15 1.9046E+05
16a 2.1138E+05

16 7.9762E+04
17 3.1140E+04
18 8.1657E+04
19 1.3087E+05

..ean 1.2088E+05 4. 88Z8E+09

TOTAL ALL AREAS 4.2035E+06 2.2271E+12
-------------------------------------------~---------------------
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Table 3. Estimated number of fish nat available to the hydroacoustic
equipment because of surface orientation in rkilak and
Kenai Lakes, Alaska during the fall of 198b.

'~

Lake

Estimated
Fish Density

Area Transect (number/m A 31

Esti mated
Volume

( IIl A 31

Estimated
Number of

Fi sh Variance

Skilak 1 1
2

mean

1.8000E-03 8.bObOE+Ob 1.5491E+04
b.0000E-03 8.bObOE+08 5.1b3bE+Ob

2.5895E+Ob 1. 3252E+13

2

3

3
4

lIean

5
b

mean

4.0000E-04
O.OOOOE+OO

2.0000E-04
O.OOOOE+OO

b.b920E+Ob
O.OOOOE+OO

2.2500E+07
O.OOOOE+OO

2.b708E+03
O.OOOOE+OO
1.3384E+03 3.582bE+Ob

4.5000E+03
O.OOOOE+OO
2.2500E+03 1.0125E+07

:)

Kenai

TOTAL ALL AREAS

b
7
8

9a
mean

1. 3000E-03
3.1000E-03
1.5000E-03
l.b500E-02

2.31bOE+07
2.31bOE+07
2.31bOE+07
2.31bOE+07

2.5931E+Ob

3.0108E+04
7.179bE+04
3.4740E+04
3.8214E+05
1.2970E+05

1. 3252E+13

2.8b72E+IO

2

3

4

9
lOa
10
lla

lIean

11
12a
12
13a

mean

13
14a
14
15a

lIean

2.8000E-03
1.0000E-03
1. 8000E-03
O.OOOOE+OO

1.7500E-03
1.0000E-04
3.2000E-03
3.bOOOE-04

4.bOOOE-03
2.0000E-04
2.0000E-04
O.OOOOE+OO

3.5730E+07
2. 3820E+07
2.3820E+07
O.OOOOE+OO

3.1b20E+07
5.2700E+Ob
3.1b20E+07
2.1080E+07

4.3110E+07
8.b220E+Ob
2.8740E+07
O.OOOOE+OO

1.0004E+05
2.3820E+04
4. 2870E+04
O,OOOOE+OO
4.1b85E+04

5.5335E+04
5.2700E+02
1.0118E+05
7.5888E+03
4.1159E+04

1. 9831E+05
1. i244E+03
5.7480E+03
O.OOOOE+OO
5. 1445E+04

1.8213E+09

2. 1940E+09

9.5917E+09

'.II

Continued
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iable 3, continued. Estimated number of fish nat available to the
hydroacoustic equipment because of surface orientation
in Skila~ and Kenai Lakes, A;aska during the fall
of 1980.

---------------------------------------------------------------------------

Lake Area

Estimated
Fish Density

iransect (nueber/m A 31

Estimated
Volume

(m A 31

Estimated
Number of

Fish Variance

Kenai 5 15 O.OOOOE+OO 3.2790E+07 O.OOOOE+OO
loa 2.1000E-03 3.2790E+07 0.8859E+04
10 1.7000E-03 3. 2790E+07 S.S743E+04
17 3.0000E-OS 2.732SE+07 8. 1975E+02
18 S.2000E-04 3. 2790E+07 1. 70S1E+04
19 4.0000E-04 3.2790E+07 1.5083E+04

mean 2.02S9E+04 8.4009E+08

TOTAL ALL AREAS 2.9024E+05 4.3125E+l0
-------------------------------------------------~._-------------------------1 Fish density was estimated frail visual extrapolation of measured fish

densities 2 m below the transducer to the surface. In the event densities
were estimated at 0.0 prior to the surface, the depth of the strata was
adjusted to reflect only that portion which contained fish.
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Table 4. Estimated numbe~ of fish not available to the hyd~oacoustic

equipment because of bottom o~ientation in Skilak Lake, Alaska
du~ing the fall of 1980.

1 2-7 5.0635£-03 2.2733£+07 1.2875£+05
7-12 2.5980£-02 3. 2475E+Oo 8.4371E+04
12-17 4.2530£-02 8.1189£+06 3.4530£+05
17-22 4.0750£-02 1.2990E+07 0.0729£+05
22-27 0.1330£-03 1.0238£+06 9.9580E+03
27-32 2.2380£-03 1.0238E+Oo 3.0340E+03
32-37 7.0520£-04 1.0238£+00 l. 1451E+03
37-42 1. 3100E-04 1. 0238E+Oo 2.1309E+02
42-47 4.7200£-05 1.0238E+Oo 7.0042E+OI
47-52 1. 2400E-04 O.OOOOE+OO O.OOOOE+OO
52-57 1. 0720£-04 1. 0238£+00 1.7407E+02
57-02 5.9850£-05 1.6238E+Oo 9.7183E+Ol
62-07 5.7050£-05 1.0238£+06 9.2630E+Ol
67-72 1.3970£-04 1.0238£+00 2.2084E+02
72-77 3.8810£-05 1.0238E+Oo 0.3019£+01
77-82 1. 8040E-05 8.1189E+Oo 1.4040E+02
82-87 3.4670£-05 8.1189E+Oo 2.8148£+02
87-92 1.0020E-05 0.4951E+Oo 0.8978£+01
92-97 O.OOOOE+OO 0.0000£+00 0.0000£+00

TOTAL. 1. 1819E+06

2 2-7 3.0410£-03 1.4083£+07 5. 1275E+04
7-12 8.9400E-02 2.0000E+07 2.3781E+06
12-17 9.3330£-02 7.8230£+06 7.3018E+05
17-22 4.7780E-03 3.1295E+Oo 1.4953E+04
22-27 2.4630£-03 4.0942£+00 1.1502£+04
27-32 1.3090E-03 1. 5047E+Oo 2.0482E+03
32-37 5.0690E-04 0.0000£+00· O.OOOOE+OO
37-42 1.1230£-04 O.OOOOE+OO O.OOOOE+OO
42-47 2.3520£-05 0.0000£+00 O.OOOOE+OO
47-52 4.4470E-05 O.OOOOE+OO O.OOOOE+OO
52-57 l. 5610£-04 1.5047£+00 2.4425E+02
57-02 1.1460E-04 O.OOOOE+OO O.OOOOE+OO
02-07 9.6430£-05 1.5047E+06 1.5089E+02
67-72 1.0000E-04 O.OOOOE+OO O.OOOOE+OO
72-77 8. 3780E-04 l. 5047E+06 l. 3109E+03
77-82 7.4100E-04 O.OOOOE+OO O.OOOOE+OO
82-87 8.2950E-Oo O.OOOOE+OO O.OOOOE+OO
87-92 2.0290E-Oo 1.5047E+06 4.1137E+00
92-97 4.0710£-07 O.OOOOE+OO O.OOOOE+OO

TOTAL 3.1898E+Oo
MEAN OF TRANSECTS 1 AND 2 2.1858£+00 2.0159E+12

Esti mated
8ottom Fish Density

A~ea T~ansect Depth(ml (numbe~/mA3)

... III ""'" 1111" I

. Estimated
Volume
(m A 31

continued
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Table 4, continued. Estimated number of fish not available to the
hydroacoustic equipment because of bottom orieniation
in Skilak Lake, Alaska during the fall of 1986.

--------------------------------------------------------------------------
Esti lila t ed

Bottom Fish Density
Area Transect Depth (II) (nullber Im"3l

Estimated
VA I Ull9

(11"3)

Estimated
Number of

Fish Variance
--------------------------------------------------------------------------

2 3

4

2-7
7-12
12-17
17-22
22-27
27-32
32-37
37-42
42-47
47-52
52-57
57-62
62-67
67-72
72-77
77-82
82-87
87-92
92-97

TOTAL

2-7
7-12
12-17
17-22
22-27
27-32
32-37
37-42
42-47
47-52
52-57
57-62
62-67
67-72
72-77
77-82
82-87
87-92
92-97

7. 1560E-04
5.3200E-03
8.5310E-03
8.9660E-03
5. 1970E-03
2.5990E-03
7. 9380E-04
4. 3360E-05
2.8910E-05
4.6970E-05
2.9970E-05
6. 4680E-05
2.0510E-05
2.6680E-05
1.8570E-05
7.2890E-06
1.8970E-06
2.0160E-06
1.7440E-05

8. 2290E-05
4.0610E-03
8.0270E-03
6.9480E-03
5. 1520E-03
1. 7150E-03
6.0870E-04
1. 3320E-04
1.9740E-05
1.0370E-04
2.5280E-04
1.6010E-04
1. 1690E-04
1. 0230E-04
B.2000E-05
1. 9410E-05
7. 7360E-06
O.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OO
1.1950E+06
O.OOOOE+OO
O.OOOOE+OO
1. 1950E+06
O.OOOOE+OO
2.3900E+06
1. 1950E+06
O.OOOOE+OO
1. 1950E+06
O.OOOOE+OO
2.3900E+06
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
1. 1950E+06
1. 1950E+06

O.OOOOE+OO
1.5933E+06
1.5933E+06
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
3. 1867E+06
O.OOOOE+OO
1. 5933E+06
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
1.5933E+06
1. 5933E+06

O.OOOOE+OO
6.3574E+03
O.OOOOE+OO
O.OOOOE+OO
6.2104E+03
O.OOOOE+OO
1.8972E+03
5.1815E+Ol
O.OOOOE+OO
5.6129E+Ol
O.OOOOE+OO
1.5459E+02
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
2.4091E+00
2.0841E+Ol

1. 4751E+04

O.OOOOE+OO
6.4705E+03
1. 2790E+04
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
5.1019E+02
O.OOOOE+OO
1.6300E+02
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO

TOTAL
MEAN OF TRANSECTS 3 AND 4

1.9933E+04
1.7342E+04 1.3430E+07

--------------------------------------------------------------------------
Continued
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Table 4, ~ontinued. Estimated number of fish not available to the
hydroa~ousti~ equipment be~ause of bottom orientation
in Skilak Lake, Alaska during the fall of 1986.

--------------------------------------------------------------------------
Estimated

Bottom Fish Density
Area Transe~t Depth (ml (number/m A 31

Estimated
Volume
(m A 31

Estimated
Number of

Fish Varian~e

'J

--------------------------------------------------------------------------

3 5 2-7
7-12
12-17
17-22
22-27
27-32
32-37
37-42
42-47
47-52
52-57
57-62
62-67
67-72
72-77
77-82
82-87
87-92
92-97

TOTAL

4.1180E-04
l. 4290E-03
5.8140E-03
3.8850E-03
3.4100E-03
2.0390E-03
6.8220E-04
1.6020E-04
3.1170E-05
1.4900E-04
3.0310E-04
l. 0990E-04
1.2990E-04
6.6480E-05
3. 537DE-05
2.6440E-05
8.9SIOE-07
O.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
l. 6071E+06
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
6.4286E+06
O.OOOOE+OO
l. 6071E+06
O.OOOOE+OO
l. 6071E+06
l. 6071E+06

O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
I.0964E+03
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
4.2737E+02
O.OOOOE+OO
4.2493E+Ol
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO

l. 5663E+03

O.OOOOE+OO
l. 4S30E-03
3.3110E-03
2.9640E-03
2.3870E-03
1.4S80E-03
4.ISIOE-04
l. S730E-04
l. 1290E-04
6.2000E-OS
2. 16S0E-04
3.5S00E-04
5. 7720E-04
2.6680E-04
3. 2920E-04
1.2S20E-04
1.2330E-04
l. 94S0E-04
1.7S60E-04

3 2-7
7-12
12-17
17-22
22-27
27-32
32-37
37-42
42-47
47-52
52-57
57-62
62-67
67-72
72-77
77-82
82-87
87-92
92-97
TOTAL

MEAN OF TRANSECTS 5 AND 6
TOTAL ALL AREAS

O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
l. 6071E+06
O.OOOOE+OO
O.OOOOE+OO
l. 60.71 E+06
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
l. 6071E+06
l. 6071E+06
O.OOOOE+OO
3.2143E+06
O.OOOOE+OO
l. 6071E+06
l. 6071E+06
4.8214E+06

O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
4.7636E+03
O.OOOOE+OO
O.OOOOE+OO
6.6713E+02
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
S.7054E+02
9. 2764E+02
O.OOOOE+OO
l. 0581E+03
O.OOOOE+OO
l. 9816E+02
3.1259E+02
8.4664E+02
9.3444E+03
S.4SS3E+03 3.02S0E+07
2.2086E+06 2.0159E+12

--------------------------------------------------------------------------
Continued
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Table 4, continued. Estimated number of fish not available to the
hydroacoustic equipment because of bottom orientation
in Skilak Lake, Alaska during the fall of 198b.

No estimate was made for Kenai Lake as the shoreline was extremely
steep and not a significant component of the sample volume.
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Table 5. The estimated number of fish in Skilak and Kenai Lakes, Alaska
based an actual hydroacoustic ~easurements and corrections for
bias associated ~ith surface and bottom areas.

)

•

Lake Aru

Esti uted
Estimation Number of
Parameter Fish Vari ance

Skilak

Kenai

1

2

3

All

1

2

3

4

Surface
l'Ii d~ater

Bottom
Total

Surface
l'Iidllater

Bottom
Total

Surface
l'Iid~ater

Bottom
Total

Surface
l'Iidllater

Bottom
Total

Surface
l'Iidllater

Bottom
Total

Surface
l'Iidllater

Bottom
Total

Surface
l'Iidllater

Bottom
Total

Surface
l'Ii dllater

Bottom
Total

2.5B95E+Q6
9.B992E+Q6
2.1B5BE+Q6
1. 4675E+Q7

1.33B4E+Q3
4.9163E+Q6
1.7342E+Q4
4. 9350E+06

2.2500E+Q3
I.B344E+Q6
5.4553E+03
1. B421E+Q6

2.5931E+06
1.665QE+07
2.20B6E+Q6
2. 14S2E+Q7

1.2970E+Q5
6.B03BE+05
O.OQQQE+QQ
B.IQQBE+QS

4.1bBSE+Q4
1.93Q2E+Q6
O.QOOOE+QQ
1.9719E+Q6

4.11S9E+Q4
4.7B66E+OS
Q.OQQQE+OQ
S.19B2E+QS

S.144SE+Q4
9.9339E+QS
Q.QOQQE+QQ
1. 044BE+Q6

1. 3252E+13
3.1591E+12
2.Q1S9E+12
1. B427E+13

3.SB26E+Q6
3.72Q4E+ll
1. 343QE+07
3.72Q6E+ll

1. QI2SE+07
1. 2S2SE+ll
3.Q2SQE+Q7
1. 2S29E+ll

1. 32S2E+13
3.6564E+12
2. Q159E+12
1. B924E+ 13

2.B672E+I0
2.716SE+ll
O.OOQQE+QQ
3.0032E+ll

1. B213E+09
1. S661E+12
O.OQOOE+QQ
I.S679E+12

2.194QE+09
2.4Q24E+09
O.OOQOE+OQ
4. 5964E+Q9

9.S917E+09
3.B2Q4E+11
O.OOQOE+OO
3.9163E+ll

'"'"

--------------------------------------------------------------------------Continued
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Table 5, continued. The estillated number of fish in Skilak and
Kenai Lakes, Alaska based on actual hydroacoustic
lIeasurements and corrections for bias associated with
surface and bottoll areas in the fall of 19B6.

Lake Area
Esti uti on
Paraaeter

Estinted
NUllber of

Fish Variance

Kenai 5 Surface 2. 6259E+04 B.4609E+OB
Iii dllater 1.20BBE+05 4.BB2BE+09
Bottoll O.OOOOE+OO O.OOOOE+OO
Total 1. 4714E+05 5. 72B9E+09

All Surface 2.9025E+05 4.3125E+l0
I'hdwater 4.2035E+06 2.2271E+12

Bottoll O.OOOOE+OO O.OOOOE+OO
Total 4. 493BE+06 2.2702E+12

TOTAL CO"BINED ESTI"ATE 2.S94SE+07 2.1194E+13
--------------------------------------------------------------------------
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Tabla 6- Areas (llilliOll5 of !lIIUirI mrs! and vol .... llil1iOllS of cubic: MI!I"5) in KenAi Laka and Skilak
Uk., Ali5lla, 1986. •

Skilak UkI Kenai Lake

JIen:eti of P!I"CIIri: of
Area Surlaca IlrH VoI_ Fish in ilreI SlII'faca ArB Vol_ Fish in Area

4J. 03 (4J.:lS) 1,54J. 00 (26.1.) 68S 7. 72 <1J.~) 237.11 (9. ~l 1~

,
2 33, 46 (33,SI 2,585. JO (43, Sl 23S 11.91 (21.:lS) :542..7 (22.~1

""~

3 22.50 (22. ~l 1,780.6Ii (JO.l~) ~ 10.~ <19.~1 S02. 21 120.6.) 1~

"• 1..37 (a~1 686.22 128.1~) 2~

5 10.93 <19.~) .75.~ <19••~1 ~

Total 98.99 ~9OB.9ll ~n 2,4-\J.3S

~,)

'"
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Figure 1. The Upper Cook Inlet area showing the location of the
Northern and Central Districts and the major sockeye
salmon spawning drainages •
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Figure 2. The Kenai River drainage, Alaska and the location of the major lake systems which are utilized by
rearing sockeye salmon,
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Figure 3. Skilak lake, Alaska area designations, hydroacoustlc transect locations, and tow netting stations, 1986.
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Figure 4. Kenai Lake, Alaska area designations, hydroacoustic transect locations, and tow netting stations, 1986.
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• a 6 •• I. a 4 • •-Figure 3. Horizontal fish distribution (mean density/100Qn2) measured in Skilak
Lake •.\laska during October 19:3G: (a) .\rea 1. Transects 1 and 2;
(b) Area 2. Transects 3 and 4; and (cl .'\rea 3. Transects 5 and 5.
Sequence group 1 is north shora.

-35-

fI III II", •., "",,



• , a a • • , a a • , a a • • , a a---It',--
i' -,.
•

i -•
I •
I •

•
II

• , a a • , a a , a a • • • , a a---

i
i
I
I

Figure~. Horizontal fish ~istribution (mean Jensity/l000m2) measure~ in Kenai
Lake, Alaska during September 1~85: (a) Area 1, Transects ~A, 3, 7, G;
(b) Area 2, Transects llA, la, 1~, 9; an.:! (c) Area 3, iransects 13A,
12, 121., 11. Sequence group 1 is north shore.
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Figure 10. Horizontal fish distribution (mean :lensitY/100~2) measured in Kenai
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Figure 11. Vertical distribution of fish density measured during the hours of darkness in Skilak lake,
Alaska (Area 1: Transects 1 and 2) in October 1986.
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Alaska (Area 2: Transects 3 and 4) in October 1986.
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Figure 17. Vertical distribution of fish density measured during the hours of darkness in Kenai lake,
Alaska (Area 4: Transects 13, 14A, 14, 15A) in September 1986.
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Figure 19. Vertical distribution of fish density measured during the hours of daylight in Kenai Lake,
Alaska (Areas 1 and 2: Transects 6, 8, 9, 10) in September 1986.
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Figure 20. Vertical distribution of fish density measured during the hours of daylight in Kenai Lake.
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Appendix Table 2. Average backscattering cross section (sigma)
and target strength data by depth strata for
all transects combined, Kenai Lake, Alaska, 1986.

-----------------------------------------------~------------------

Depth
Stratum

1m)

Number
of

Targets

Si gila
Mean

Sigma
Standard
Deviation

Target 1

Strength
Mean
(dB)

Target
Strength
Standard

Deviation
(dB)

-------------------------------------------------------------------
2.0 - 7.0 177 1.050E-05 1. 01l1E-05 -52.34 5.19
7.0 - 12.0 1259 1. 11:5E-05 4. 339E-05 -53.39 5.42

12.0 - 17.0 3306 6. 476E-06 9.420E-06 -:54.:56 5.09
17.0 - 22.0 4648 5.2bIE-Ob 5. 994E-Ob -55.22 4.95
22.0 - 27.0 4383 4.486E-06 4.258E-06 -55.61 4.59
27.0 - 32.0 3789 4.100E-06 3. 595E-06 -55.77 4.40
32.0 - 37.0 2695 3.724E-06 3.805E-06 -56.11 4.23
37.0 - 42.0 1101 3. 460E-06 2. 998E-06 -56.28 4.04
42.0 - 47.0 195 2.970E-06 2.089E-06 -56.57 3.66
47.0 - 72.0 57 1.969E-06 1. 593E-06 -58.24 3.20

Total 21519 5. 166E-06 1.188E-05 -55.35 4.74
r------------------------------------------------------------------

Target strength determined from dual beam data collected
in situ.
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Appendix Table 3. Average backscattering crass section (sigma) and
target strength data by depth strata for all
transects cOlbined, Skilak Lake, Alaska, 1986.

Depth
Stratu.

<.1

2.0 - 7.0
7.0 - 12.0

12.0 - 17.0
17.0 - 22.0
22.0 - 27.0
27.0 - 32.0
32.0 - 37.0
37.0 - 42.0
42.0 - 47.0
47.0 - 72.0

Tahl

705
2795
4183
4820
4245
3070
1311
274
195

3555
25157

2.185£-05
1.155£-05
8.050£-06
0.002£-00
5.853£-00
5.029£-00
4.358£-00
4.308£-00
7.200£-00
0.530£-00
7.354E-Oo

Sigu
Standard
Deviation

1.310£-04
1. 228£-05
8.370£-00
0.190£-00
0.090E-Oo
4.378£-00
3.803£-00
4.140£-00
1.518£-05
3.119£-05
2. 598E-05

1Target
Strength

Ilean
(dB)

-50.63
-51. 77
-53.20
-53.90
-54.32
-54.71
-55.18
-55.42
-55.05
-54.37
-53.78

Target
Strength
Standard

Deviation
(dB)

5.23
5.02
4.80
4.07
4.45
4.21
4.01
4. 17
5.31
4.23
4.09

i---------------------------------------------------------------------
Target strength deter.ined fra. dual bea. data collected
in situ.
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Appelldix Table 4. S-.ry of~ysis of vlJ'illll:t! of t.,et stregth dlta by depth strata for Kenai and Skilak Lakes,
Alaska, 1986-

_Ie NuIIbIr D.greIs of Fl"ftllc. IlegI'ftS of FI'IIedc.
TI'IllIIl:'t Size Strata Calculatld Table Null

Lake Nuar (NI (Ill 6I'GupI Error F VaiUll F valUll Iil'ouIa Error Hypothesis

Kenai 19 IJS , 5 129 4.~ 2.29 5 125 reJel:t
18 28 3 2 25 4.51 3.38 2 25 reJI!I:t:
17 48 4 3 44 2.57 2.82 3 44 aa:e¢

I' 4& , 5 ~ 1.71 2.45 5 .-0 aa:ept
IDA 332 , 5 32D 5.21 2.23 5 ~ reJel:t
15 88 , 5 82 1.15 2.30 5 100 aa:ept
1511 J03 7 , 29D 5.23 2.13 , 300 reJel:t
14 DD2 7 , D55 &.58 2.10 , 1000 reJel:t
I~ 2307 8 7 2299 14.38 2.01 7 illfinity reJel:t
13 1525 7 , 1518 8.89 2.09 , illfinity reJel:t
IJA 913 7 , 90S 3.71 2.10 , 1000 reJI!I:t:
12 381 9 8 372 &.81 1.9& 8 ~ reJel:t
12A 13&0 7 , 1353 &.83 2.09 , illfinity reJect
II 53D 7 , 529 0.77 2.10 , 1000 aa:ept:
IIA 173& 7 , 1729 9.12 2.09 , illfinity reJel:t
10 3229 7 , 3222 5.98 2.09 , illfinity reJel:t
lOA JOD5 7 , J058 &.47 2.09 , illfinity reJel:t
9 1172 , 5 11&& 12.18 2.09 , illfinity reJel:t

9A 14&0 7 , 1453 20.83 2.09 , illfinity reJect
8 545 4 3 541 19.30 2.'1 3 infinity reJel:t
7 1403 5 4 1398 32.81 2.37 4 illfinity reJel:t, 222 5 4 217 5.49 2.41 4 200 reJel:t

Skilak I D2~ 10 9 D2JO 28.&7 1.88 9 illfinity reJel:t
2 415& 10 9 414& 41.22 1.88 9 illfinity reJect
3 5&90 10 9 5D8O JO.IO 1.88 9 illfinity reJel:t
4 4547 10 9 453J 13.18 1.88 9 illfinity reJel:t
5 2344 10 9 2334 5.84 1.88 9 illfinity reJel:t, 2132 10 9 2122 &.55 1.88 9 infinity reJel:t

I _Ie size i I!\Ii esents tlw __ of .a- pi _sud. Alpha is at 0. 05 IIMI.
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Appero ix Tillie 5. HydroiCOUlihc elihute of fili" irilibihng Arei I, SkU... uke, Rlukibi&ed 011 Tr_t I integritor output. I

Depth2
Strih.. llein llwober Stilldird NIIIIber IIRin Fhh bh.ited Confidence

StrotUII VolUlle Sigu EchoRi Deviition R Integritor of Integritor DeOliity llwober of Li.it5
1.1 1.'31 lJsIld Siglli Coratont Output SeqUllllCll5 Voriince (00.'.-31 Filih Virhnce (95lll

-----
2.0 - 7.0 I. 8370EtOI 4.44OOE-05 III 2. :l6llOE-04 5.&07OEtOl 5.376OE-05 53 2.2010E-IO 3.ll!2OE-03 5.7356E+05 I. 585OE+IO 5. 7430E+05
7.0 - 12.0 1.565OEtOI 1.0270E-05 1002 I.083OE-Il5 2.5100E+02 1.035OE-04 41 5.6IJOE-IO 2.5980lHlI! 4.0658E+06 8.M5OE+ll I.MJOE+06

12.0 - 17.0 1.415OE+08 7.9OOOE-06 1694 e.7170E-06 3.2i4OE+02 1.176OE-05 38 3.68IOE-IO 2.5380E-02 3.5906E+06 1.942OE+1I l.mOE+06
11.0 - 22.0 1.192OE+08 7.052OE-06 1m 6.698OE-06 3.656OE+02 UlBOE-05 34 1.1l!2OE-10 1.689OE-02 2.0125E+06 3.296OE+ll 1.125OE+06
22.0 - 27.0 9.66501:+07 6.0220E-06 n3 5. 765OE-06 4.2810E+02 1.432OE-05 2i 1.536OE-ll 6.133OE-03 5.921IE+05 2. 61JOE+IO 3.204OE+05
27.0 - 32.0 9.12iOE+07 5.5520E-06 448 5.152OE-06 4.6440E+02 U19OE-06 23 4.0IBOE-13 2. 238OE-03 2.0422E+05 L017OEtOI 5.55OOE+04
32.0 - 37.0 8.834OE+01 4. 7210E-06 226 3.&OIOE-06 5. 4610E+02 I. 2910E-06 23 9. 3610E-14 7.052OE-04 6.23OOE+04 2.29OOEtOI 2.966OE+04
37.0 - ~2.0 1.5~5OE+07 ~.368OE-06 2n 4.146OE-06 5.902OE+02 2.229OE-01 22 1.0880E-14 1.316OE-04 1.1241E+04 2.809OEt01 1.039OE+04
42.0 - ~7.0 8. 259OE+01 1.2i00E-06 195 I.5IBOE-05 3. 5510E+02 1.329OE-07 21 1.0390E-15 ~. 72OOE-05 3.898OE+03 6.396OE+06 ~.9570Et03

47.0 - 52.0 7. 92JOE+07 ~. 7020E-06 ~26 1.255OE-06 5.4IJOE+02 2.262OE-01 21 2. 639OE-H 1.24OOE-04 9.825OEt03 5.033OEt01 I. 3910E+04
I

52.0 - 57.0 7. 5860E+07 ~.1020E-06Ul 426 7.255OE-06 5.4IJOE+02 1.955OE-07 20 5. 3210E-15 1.012OE-04 8.13O'JE+03 9. 5870E+06 6.069OEt03w
I 57.0 - 62.0 7.279OE+01 ~. 7020E-06 ~2i 1.255OE-06 5.~8JOE+02 1.0920E-07 19 3. 233OE-15 5.985OE-05 4. 3567E+03 5.2560E+06 ~.~94OEt03

62.0 - 67.0 6. 9310E+07 ~.7020E-06 426 1.255OE-06 5.483OE+02 1.0400E-01 19 I. 5220E-15 5.7050E-05 3.~2Et03 2.286OE+06 2.963OEt03
67.0 - 72.0 6.417OE+07 ~. 7020E-06 ~26 1.255OE-06 5.483OE+02 2.M8OE-07 18 1.693OE-15 I. 3970E-04 8.9653Et03 9. 973OE+06 6.19OOEt03
72.0 - 77.0 5. 942OE+01 4.7020E-06 426 1. 255OE-06 5.4I3OE+02 7.07BOE-oB 17 1.0310E-15 3. 8810E-05 2.3062E+03 1.124OE+06 2.07BOEt03
77.0 - 82.0 4. 796OE+07 ~. 7020E-06 ~26 7.255OE-06 5.~83OE+02 3.289OE-o& 15 I. 73OOE-16 1.8040E-05 8. 6507E+02 I. 239OE+05 6.898OE+02
82.0 - 11.0 2. 389OE+Ol ~.1020E-06 426 7.255OE-06 5.48JOE+02 6.322OE-oB 9 3.MlOE-15 3. 4610E-05 8.2806E+02 6. 2840E+05 I. 554OEt03
81.0 - 92.0 2.1~~0E+06 ~. 7020E-06 ~26 1.255OE-06 5.4IJOE+02 I. 9310E-o& 5 3.154OE-16 1.0620E-05 2. 2715EtOl 5.2160E+02 ~.~76OEtOl

92.0 - 91.0 O.OOOOE+OO ~. 7020E-06 426 1. 255OE-06 5.4I3OE+02 O.OOOOE+OO 0 I 0 0 0 0
---------------

TOTAL I. MOOE+09 1.1I56E+01 +OR- 2.855OE+06

"1-------------------------
2 Like .urfice irei lr",terli &quiredl Ulied to cilculite .tritU. volUllll ...5 4.303OEt07.

Depth ""iliured below tr..5ducer, ...ich Mi. I • fro- liurfieR.

'" '"



Appendix Tabl. 6. HydroicouStiC IStiuh of fish inhibiting Arti I, SkUik .Lak., Alaska butd on TrallSlCt 2 int.grator output. I
--------------------

Dtpth
2

StratUII ""in NUIIbtr Shndard NUIIbtr Mean Fish EsUlahd Confid.nco
StritUII VoIUIII Sigu Echots Dtviition A Inhgrator of Int.grator DtnsUy Nwlber of LiIUs

(II 111"31 Used Sigli Constant Output lItqulnct5 Vilrlane. lno./1I"31 Fish Varianco 1m.

-----------------
2.0 - 7.0 I. 946OE+08 1.~17C1E_05 ~78 I. 36IC1E_05 t.819OE+02 6.862llE_05 55 5.0660E-10 1.2~9OE-02 2.~E+06 6. ~63CIE+ II 1.576OE+06
7.0 - 12.0 1.~MCIE+08 1.266OE-05 12~5 I. 378CIE-05 2.037C1E+02 1.288CIE~ 50 7.213CIE-10 2.622CIE-02 3. 8918E+06 6. 732C1E+1I I. 608CIE+06

12.0 - 17.0 I. 050CIE+08 9.36~-OIi 713 I.OO3CIE-05 2. 753C1E+02 ~.M6OE-05 33 I. 9380E-10 1.~-02 1.~I3E+06 1.652OE+1I 7.'J67C1E+05
11.0 - 22.0 9.127C1E+07 6. M3CIE-oti 474 6. 5OOCIE-oti 3. 768OE+02 1.268OE-05 26 L 112CIE-12 ~. 778CIE-G3 ~.3608E+05 'J. 'J55OE+O'J 1.956OE+05
22.0 - 27.0 8. 2320E+07 7.1~-OIi 3'JO 6. 3820E-oti 3.599OE+02 6.M~-OIi 23 9.312CIE-13 2.~3CIE-oJ 2.0275E+05 9.008CIE+08 5.883OE~

27.0 - 32.0 7. 377C1E+07 5.I06CIE-Oli 271 ~.327C1E-oti 5.~9OE+02 2.5'J2CIE-oti 21 5. 22IC1E-13 1.309CIE-oJ 9.6552E~ M'JOOE+08 5.36~~

32.0 - 37.0 7.12OOE+07 ~. 358C1E-OIi 1311 3. 863CIE-Oli 5. 916OE+02 8.568OE-G7 20 8. 263C1E-I~ 5.069OE~ 3.6O'JIE~ I.U~+08 2.379OE+~

37.0 - ~2.0 6. 993CIE+07 ~. 368C1E-OIi 274 ~.1~6OE-oti 5. 'J02CIE+02 I. 'J03CIE-G7 20 1.I27C1E-I~ 1.123CIE~ 7.85~3E+03 1.94IOE+07 8.635OE+03
~.O - ~7.0 6. 'J2OOE+07 7.26OOE-Oli 195 1.518CIE-05 3. 55IC1E+02 6. 622C1E-08 20 3. 3400E-15 2.352OE-05 1. 6275E+03 2.077OE.06 2.8240E+03
~7.0 - 52.0 6.853OE+07 5. 232C1E-OIi ~~ 5.~75OE-oti ~. 'J28CIE+02 9.0250E-08 19 U~~-15 4.4470E-05 3.~77E+03 ~. 749OE+06 ~.27IOE+03

52.0 - 57.0 6. 779OE+07 5. 2320E-OIi "0 5. ~75OE-oti ~. 'J28CIE+02 3.169OE-G7 19 ~.5010E-1~ 1.56IC1E~ 1.0585E~ 5.0510E+07 I. 393CIE+O~
I 57.0 - 62.0 6.7080E+07 5. 232C1E-OIi ~40 5. 475OE-Oli ~. 928CIE+02 2.325OE-G7 19 1.~3CIE-1~ 1.146OE~ 7.687C1E+03 1.~8CIE+07 7.711C1E+03U1... 62.0 - 67.0 6.M~+07 5.232C1E-OIi "0 5.~75OE-06 4.928CIE+02 I. 'J57C1E-oT 19 6. 589OE-15 9. M3CIE-05 6.~7E+03 7.1~+06 5. 246OE+03I

67.0 - 72.0 6.556OE+07 5.232CIE-Oli ~40 5. ~75OE-Oli 4. 'J28CIE+02 3.246OE-G7 18 I. 'J37C1E-I~ t.6000E~ I.~~ 2.~9OE+07 a. 873CIE+03
72.0 - 77.0 6.388OE+07 5. 232OE-06 "0 5.~75OE-06 ~. 928CIE+02 1.7000E-OIi 18 2.185OE-12 a.378OE~ 5.3522E+~ 2. 112CIE+O'J 9.135OE+O~

77.0 - 82.0 6.267C1E+07 5.232C1E-OIi ~40 5. ~75OE-Oli ~. 928CIE+02 1.505CIE-Oli 18 2.010ClE-12 7.~16OE~ ~.648OE~ 1.923CIE+O'J 8.5'J4C1E~

82.0 - 87.0 6. 0'J8CIE+07 5. 232C1E-06 "0 5.~75OE-06 ~. 928CIE+02 1.683OE-08 18 I. 5660E-16 a. 2950E-OIi 5.0582E+02 1.~10E+05 7.388OE+02
87.0 - 92.0 5.'J22CIE+07 5. 232C1E-OIi ~~ 5. ~750E-OIi ~. 'J28CIE+02 5.335OE-09 17 I. 2850E-17 2.6290E-OIi 1.5568E+02 I.IOOOE~ 2.0560E+02
92.0 - 97.0 5.83OOE+07 5.232OE-Oli ~ So ~75OE-Oli ~. 928CIE+02 8. 262C1E-10 17 6. 8260E-19 ~. 07lClE-G7 2.37*+01 5.M70E+02 U58CIE+01
------

TOTAl. 1.~6OE+O'J 8.M24E+06 + OR - 2.~10E+06

-1------------------- ~ ---------
2 Lak. surfac. arll I.t.... lIl..rtdl used to calculat. strdUII vol.. illS ~.303CIE+07.

Dtpth .ilSured belOll traniduc.., llhich illS I I froe surfacl.
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Apperdi. T.ble 7. Hydroacoustic esti..te of fish inh.bitirt Arei 2, Skil.k l.ke, Aliski based on Trinsect 3 integr.tor output. 1
~ ------------------- ----------

DePth
2

Stntua Me.n Nuaber St.nd.rd Nwaber Me.n Fish Esh..ted Confidence
Str.tua Vol.... Siga. Echoes Devi.tion A Integr.tor ,of Integritor Ileniity Nuaber of liaih

la) (a'3) Used Siga. Constint Output Sequences Vari.nce (00.'..31 Fish V.riMoCl! (95~1

--------------- ---------------
2.0 - 1.0 1.666OE+08 2.185OE-llCi 705 1.3100E-M 1.18OOE+02 6.06501Hlfi 56 2. 6680E-12 7.156OE~ 1.192IE+05 1.756OE+09 8.212OEtM
7.0 - 12.0 1.663OE+08 l.l!58OE-llCi 282 I. 023OE-llCi 2.M9O£+02 2.596OE-o:! 56 7.5280E-12 5.32OOE~ I.M56E+05 1.0580E+10 2.016OE+05

12.0 - 17.0 1.6590£+08 8.529OE-06 754 7. 5310E-06 3.023OE+02 2.82l!OE-o:! 56 I.OMOE-II I. 53IOE-1I3 1.~I~+06 2. 733OE+l0 3.2~00E+05

17.0 - 22.0 1.653OE+08 6.685OE-06 1260 6.0~0E-06 3.8570E+02 2.3l!5OE-o:! 56 6.7690£-12 8.966OE-1I3 I.W3E+06 2.8940E+IO 3.~0E+05

22.0 - 27.0 I.M2OE+08 6.036OE-06 1311 5.8810E-06 ~.2710E+02 1.2170E-o:! 55 2.093OE-12 5.1~70E-1I3 8. 5318E+05 1.0820E+10 2.0390£+05
27.0 - 32.0 1.62:iOE+08 5.309OE-06 1085 ~.~nOE-06 U56OE+02 5. 3510E-06 55 ~.72OOE-13 2.599OE~ ~.2237E+05 3.0580E~ 1.08~0E+05

32.0 - 37.0 1.6020E+08 5.0770E-06 527 U85OE-06 5.078OE+02 1.563OE-Q6 ~ 3.868OE-1~ 7.938OE~ I. 2717E+05 2.822OE+08 3.2CJ2OEtM
37.0 - ~2.0 1.56~+08 U680E-06 274 ~.1~0E-06 5.~+02 7.~5O£-1I8 53 ~.089O£-16 ~. 3360E-llCi 6. n96E+03 7.8940E+06 5.5070E+03
~.O - 47.0 1.~6OE+08 7. 26OOE-06 195 1.518OE-05 3. 5510E+02 8.IUOE-1I8 52 l.mOE-15 2. 8~10E-llCi ~.~9O£+03 5. 7850£+06 ~.71~+O3

47.0 - 52.0 1.533OE+08 I. 3290E-llCi 382 9.165OE-llCi 1.94OOE+02 2.~IOE-1I7 51 1."5O£-I~ ~.6970E-llCi 7.1~+O3 I. 923OE+07 8.595OE+03
I 52.0 - 57.0 1.516OE+08 1.329OE-llCi 382 ~.165OE-llCi 1.9400E+02 1.~5O£-1I7 51 3.M6OE-15 2. fi70E-llCi ~.~35E+03 5. 7250E+06 ~.69OOE+03

U1
U1 57.0 - 62.0 1.48~+08 1.329OE-1l5 382 ~.165OE-llCi 1.9400E+02 3.3~-117 50 ~.715O£-1~ 6.~68O£-llCi ~.~+03 5.0560E+07 1.394OEtM
I

62.0 - 67.0 1.~15OE+08 1.329O£-1l5 382 ~.165O£-llCi 1.9400E+02 1.0570E-1I7 ~9 2. 3860E-15 2.0510E-1I5 2.~7E+03 2.M~+06 3.3050£+03
67.0 - n.o I. 2970E+08 1.3290£-115 382 ~. 165OE-llCi I. 9400E+02 I. 375OE-1I7 ~8 2.152OE-15 2.6680E-llCi 3.~IIE+03 2.85~0E+06 3.3II0E+03
72.0 - 77.0 1.1380£+08 I. 329O£-llCi 382 ~. 165OE-llCi 1.94OOE+02 ~. 513OE-1I8 ~5 1.27~-15 I. 8570E-llCi 2.1127E+03 1.176OE+06 2.126OE+03
77.0 - 82.0 8.876OE+07 1.329OE-1I5 382 ~. 165OE-llCi 1.9WOE+02 3. 7570E-1I8 U 5.1180£-16 7.2890£-06 6.~99E+02 2.0390£+05 8.8~9O£+02

82.0 - 87.0 8. 276OE+07 I. 3290E-llCi 382 ~.165O£-llCi 1.9400E+02 ~. 7810E-1I9 33 ~.0600E-17 1.8~70E-Q6 I. 5703E+02 1.~tM 2.28OOE+02
87.0 - 92.0 8.123OE+07 I. 3290E-1l5 382 9.165O£-llCi 1.9400E+02 1.0390£-118 32 5.~-17 2.016OE-06 I. 6377E+02 I. 82IOEtM 2.M5O£+02
92.0 - 97.0 7.9OOOE+07 I. 3290E-llCi 382 ~.165OE-05 1.9400E+02 8. fiOOE-1I8 32 ~.6OOOE-15 I. n40E-1l5 1.3n~+03 1.3170E+06 2.2~9O£+O3

--------------------
TOTAl. 2. 632IE+09 5.~76E+06 + DR - 5.M2OE+06

-------------------------------------------~-- ------------------I
3.~6OE+07.2 like surf.ce ire. h.elet'S sqUired) used to cilcul.te .tr.tUlol vol........

Depth ....ured belOlll trilllsducer, which IliS I a froe iurface.

..



Appendix Tobie 8. Hydroat:OUstic esti..h of fish inhablUng Area 2, Skilak Lake, Alaska based on Transect 4 integrator output. I
------------- ----

DePth
2

Strah.. Mean NlIlIber Standard NIIlIber Mean Fish Estillated Confidence
Stratua Volull Sigla Echoes Deviation A Integrator of Integrator Density Nullber of LieUs

Ie) 111"3) Used Siga Constant Output Sequences Variaroee lno./1I"31 Fish Variance 195~)

-----
2.0 - 7.0 I. 6710E+oe 2.185OE-05 705 1.3100E~ 1.IBOOE+02 6. 974OE-07 42 I.OMOE-13 8.22'lOE-05 I. 375IE+04 4.CJMOE+07 1.384OE+04
7.0 - 12.0 1.66SOE+08 9. 9770E-06 163 1.1770E-05 2. 5840E+02 I. 5710E-()5 42 9. 4200E-12 4.06IOE-03 6. 7609E+05 2.1340E+10 2. 863OE+05

12.0 - 17.0 I.M8OE+08 7.043OE-06 596 6. 763OE-06 3. 6610E+02 ~.193OE-05 41 1.222OE-1I 8.0270E-03 1.3228E+06 4.7ISOE+10 4.2570E+05
17.0 - 22.0 1.622OE+08 6.416OE-06 945 6.093OE-06 3.9810E+02 I. 745OE-05 41 6. 75OOE-12 6. 948OE-03 1.1270E+06 2. 9340E+10 3. 3570E+05
22.0 - 27.0 1.6070E+oe 5.325OE-06 98S 4.585OE-06 4.M2OE+02 1.064OE-05 41 2. 9650E-12 5.152OE-03 8.2806E+05 I.M70E+10 2. 6640E+05
27.0 - 32.0 1.596OE+08 U32OE-06 672 4.0300E-06 5.336OE+02 3.215OE-06 41 3.768OE-13 1.715OE-03 2.7382E+05 2.812OE+09 1.039OE+05
32.0 - 37.0 I. 5870E+08 3.199OE-06 257 2.304OE-06 8. 05'l0E+02 7.552OE-07 41 2.M6OE-14 6.0870E~ 9. 658IE+04 4.026OE+08 3.932OE+04
37.0 - 42.0 I. 576OE+oe 4.368OE-06 274 4.146OE-06 5.902OE+02 2.256OE-07 41 1.15OOE-14 1.332OE~ 2.0985E+04 1.0100E+08 I. 9700E+04
42.0 - 41.0 1.565OE+oe 7.26OOE-06 195 1.5ISOE-05 3.5510E+02 5.56OOE-oB 41 2.14I0E-15 1.974OE-05 3.0893E+03 6.824OE+06 5.12OOE+03
41.0 - 52.0 1.554OE+08 5.0600E-06 818 4.4110E-06 5.0950E+02 2.035OE-07 40 1.76'lOE-14 1.0370E~ I.6I17E+04 1.1120E+08 2.0670E+04
52.0 - 57.0 I. 544OE+08 5.0600E-06 818 4.4110E-06 5.0950E+02 4. 96IOE-07 39 1.1070E-13 2.52SOE~ 3.9024E+04 6. 864OE+08 5.135OE+04

I 57.0 - 62.0 1.5170E+08 5.0600E-06 818 4.4110E-06 5.0950E+02 3.143OE-G7 39 5. 5870E-15 1.6010E~ 2.4298E+04 3. 395OE+07 1.1420E+04
U1

62.0 - 67.0 1.4370E+08 5.0600E-06 818 4. 4110E-06 5.0950E+02 2.294OE-G7 39 1.036OE-14 1.16'lOE~ I. 6794E+04 5. 5800E+07 1.464OE+040>,
67.0 - 72.0 I. 376OE+oe 5.0600E-06 818 4.4110E-06 5.0950E+02 2.0070E-G7 38 6.1610E-15 1.023OE~ 1.4014E+04 3.0480E+07 1.0820E+04
72.0 - 77.0 I. 2970E+08 5.0600E-06 818 4.4110E-06 5.0950E+02 1.609OE-07 36 3.188OE-15 8.2OOOE-05 1.0638E+04 1.403OE+07 7. 342OE+03
77.0 - 82.0 8.0520E+07 5.0600E-06 818 4.4110E-06 5.0950E+02 3.8080E-oB 35 9.126OE-16 1.9410E-05 1.5625E+03 1.538OE+06 2. 4310E+03
82.0 - 87.0 4. 663OE+07 5.0600E-06 818 4.4110E-06 5.0950E+02 1.51BOE-oB 15 1.296OE-16 7.736OE-06 3.6072E+02 7. 32SOE+04 5.306OE+02
87.0 - 92.0 M4'lOE+07 5.0600E-06 818 4.4110E-06 5.0950E+02 O.OOOOE+OO 15 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
92.0 - 97.0 4.0680E+07 5.0600E-06 818 4.4110E-06 5.0950E+02 O.OOOOE+OO 14 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO

TOTAl. 2.5385E+09 4.485OE+06 + OR- 6.8070E+05
-------
I

3.M6OE+072 Lake surfa... area Illtera squared) used to calculate strat.. voluoe lOllS

Depth lIasured belOlI transducer, llhich lOllS I e fl'Oll surf8Cl!.

•



•

Appendix Table 9. Hydroacoustic estilate of fish inhabiting Area 3, Skilak-Lake, Alaska based on Transed 5 integrator output. 1
--------------------------------- ----------------

DePth
2

Strahl Mear. NlIJIber Standard NUiber Mean Fish £stilated Confiderx:e
StratUi Voluoe Sign Eclloes Deviation A Integrator of Integrator Density NUlber of Lilib

«el IlA31 Used Sill"a Constant Output Seque,ol:u Variarx:e Cno./eA31 Fiih Variara «95~1

-------
2.0- 7.0 1.1230£+08 2. 185OE-05 705 1.3100£-04 1.18OOE+02 3.49OOE-06 28 3.0480£-12 4.1180£-04 4,6265£<04 6.4480£+08 4.9770£+04
7.0 - 12.0 1.124OE+08 1.155OE-05 2795 1.2280£-05 2.232OE+02 6.4030£-06 28 4.7420£-12 I. 429OE-03 1.6064£+05 2.995OE+09 1.0730£+05

12.0 - 17.0 1.124OE+08 6.9700£-06 236 6.4780£-06 3.699OE+02 1.572OE-05 28 1.4810£-11 5. 814OE-03 6.535OE+05 2.7170£+10 3.2310£+05
17.0 - 22.0 1.124OE+08 5.4390£-06 378 4.9610£-06 4.74OOE+02 8.196OE-06 28 2.6520£-12 3.885OE-03 4.3657£+05 7.9450£+09 1.7470£+05
22.0 - 27.0 1.1210£+08 4.894OE-06 496 4.716OE-06 5.268OE+02 6.4730£-06 28 1.205OE-12 3.4100£-03 3.8235£+05 4.4850£+09 1.3130£+05
27.0 - 32.0 1.1180£+08 4.1410£-06 391 3.4700£-06 6.226OE+02 3.274OE-06 28 3.0940E-13 2.0390E-03 2.2801£+05 1.5940£+09 7.825OE<04
32.0 - 37.0 1.1150£+08 4.358OE-06 1311 3.8630£-06 5. 916OE+02 1.153OE-06 28 I. 756OE-13 6.822OE-04 7.6065E+04 7. 674OE+08 5.43OOE+04
31.0 - 42.0 1.1100£+08 4.368OE-06 274 4.146OE-06 5.902OE+02 2.714OE-07 28 2.3370£-14 1.6020£-04 1.7713£+04 1.0130£+08 1.9130£+04
42.0 - 47.0 1.1070£+08 1.26OOE-06 195 1.5180£-05 3.5510£+02 1.7160£-08 28 2.2010£-15 3.1170£-05 3.4491£+03 3.6670£+06 3.753OE+03
47.0 - 52.0 1.104OE+08 5.8970£-ilIi 598 1.404OE-05 4. 372OE+02 3.4090E-ol 28 2. 3250E-14 1.49OOE-04 1.6451£+04 5.6710£+07 1.4760£<04
52.0 - 57.0 1.0940E+08 5.8970£-06 598 1.404OE-05 4. 372OE+02 6.932OE-07 28 7. 69OOE-14 3.0310£-04 3.3156£+04 1.8630£+08 2.6750£+04

I
U1 57.0 - 62.0 1.0620E+08 5.8910£-ilIi 598 1.404OE-05 4.3720£+02 2.5150£-07 27 6.605OE-15 1.0990E-04 1.1673£+04 1.552OE+07 7. 722OE+03.....
I 62.0 - 67.0 9.368OE+07 5.8970£-06 598 1.404OE-05 4.372OE+02 2.9710£-07 25 7.0280E-15 1.299OE-04 1.2168£+04 1.3190£+07 1.1190£+03

61.0 - 72.0 5.9740£+01 5. 8910£-ilIi 598 1.4040£-05 4.3720£+02 1.5210£-01 24 2. 474OE-15 6.6480£-05 3.9714£+03 1.8370£+06 2.6570£+03
72.0 - 77.0 4. 188OE+Ol 5.8970£-06 598 1.404OE-05 4.3720£+02 8.0890£-08 16 2.0920E-15 3.5370£-05 1.4811£+03 7.2220£+05 1.666OE+03
17.0 - 82.0 4.0190£+01 5. 8910E-illi 598 1.4040E-05 4.3720£+02 6.0470£-08 13 1.0860E-16 2.644OE-05 1.0624£+03 2.6030£+05 1.0000E+03
82.0 - 87.0 3.9470£+07 5.8970£-06 598 1.404OE-05 4.3720£+02 2.0470£-09 13 4.1910£-18 I. 9510£-07 3.5331£+01 1.2600£+03 6.958OE+01
81.0 - 92.0 3.7780£+07 5.8970£-06 598 1.4040£-05 4.3720£+02 O.OOOOE+OO 13 0.0000E+00 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
92.0 - 97.0 3.5780£+07 5.8970£-06 598 1.404OE-05 4.372OE+02 O.OOOOE+OO 12 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0.0000E+00 0.0000E+00

--------------- ------------------
TOTAL 1. 6811E+09 2.0846E+06 + OR - 4.2030£+05

r---- ---------- -----
2 Lake surfiee area I.te... ilIUiredl used to cakulate strahl volull lias 2.2500£+07.

Depth .asured belCM transducer, lIhich NiS 1 I fl'Oll surface.

.. ..



Appendix Table 10. Hydroacoustic .sU..t. of fish inhabiting Area 3, Skilak Lake, Alaska based on Transect 6 Integrator output. 1
-------

Depth
2

Strat.. Mean Nullber Standard Nullber Mean Fish EsU.ated Confidence
Strat.. Vol... Sig.. Echoes Deviation A Integrator of Integrator Density Hoar of Li.its

C.I 1....31 Used SI..a Constant Output Sequences Varh"". 1110.'....31 Fish Variance 195••
------

2.0 - 7.0 I. 12JOE+08 2.185OE-05 705 1.3100E-M 1.IBOOE+02 o.OOOOEtOO 28 o.OOOOEtOO O.OOOOEiOO O.OOOOEtOO o.OOOOEiOO O.OOOOEtOO
7.0 - 12.0 1.12JOEt08 1.155OE-G5 2795 1.22BOE-G5 2. 2320E+02 6.508OE-oli 28 2. 7580E-12 1.~53OE-03 1.6320Et05 1.745OEt09 8.188OEtO~

12.0 - 17.0 1.122OEt08 7.~70E-oli 190 6.637OE-oli J.659OE+02 9.~9OE-oli 28 J.0810E-12 3.31l0E-03 3.71UEt05 5.83IiOEt09 1.~970Et05

17.0 - 22.0 1.115OEt08 5. 681OE-oli J32 5. 286OE-oli ~.538OE+02 6. 53OOE-oli 28 1.27~-12 2. 96'OE-03 J.J038Et05 J.5~5OEt09 1.1670Et05
22.0 - 27.0 1.1090E+08 6. 22IOE-oli 320 1.0970E-05 ~.14~+02 5.759OE-oli 28 I. 6500E-12 2. 3870E-03 2.M6OEt05 ~.16~t09 1.265OEt05
27.0 - 32.0 1.1050E+08 ~. 6'JOE-oli 2M ~.~~-oIi 5.553OE+02 2.626OE-oli 28 I. 5620E-13 1.~58OE-oJ 1.611IEt05 7.~2OEtOB 5.2010EtO~

32.0 - 37.0 1.0970EtOB ~. J580E-oIi 1311 J. 86JOE-oli 5. 916OE.+02 7.017OE-07 28 2. 87BOE-I~ ~.1510E~ ~.5559E~ I. 226OEt08 2.I700EtO~

37.0 - ~2.0 1.0770E+08 ~. 36BOE-oli 274 ~.146OE-oli 5.902OE+02 2.665OE-07 28 2.~-1~ 1.57JOE~ 1.6937E~ 9.2~~OEt07 1.88~0E~

~.O - U.O 1.0660E+08 7.2600E-oIi 195 1.5IBOE-G5 J.5510E+02 3.IBOOE-07 27 3.~JOE-I~ 1.129OE~ 1.2036E~ ~.68JOEt07 1.3UOEt~

U.O - 52.0 1.0200E+08 6.91BOE-oli 892 8.539OE-oli J. 7270E+02 1.663OE-07 27 5. 2850E-15 6.2OOOE-05 6.3226Et03 7.70JOEt06 5. ~~OOEt03
52.0 - 57.0 9.MOOEt07 6.91BOE-oli 892 8. 5390E-oIi J.7270E+02 5.808OE-07 26 3.79OOE-I~ 2.165OE~ 2.1299E~ 5.175OEt07 I.~IOOE~

, 57.0 - 62.0 9.7070Et07 6.91BOE-oli 892 8.539OE-oli 3.7270E+02 9.525OE-07 25 7.875OE-I~ J.55OOE~ 3."57E~ 1.05IOEtOB 2.0090EtO~
U1 62.0 - 67.0 9.51~t07 r.. 91BOE-oli 892 8. 539OE-oli J. 7270E+02 I.M9OE-oli 25 1.87JOE-13 5.772OE~ 5.~9I7E~ 2.~t08 3.~00E~(Xl,

67.0 - 72.0 9.J98OEt07 6.91BOE-oli 892 8.539OE-oli J. 7270E+02 7.i58OE-07 25 ~. 7l00E-I~ 2.668OE~ 2.5069E~ 5. 885OEt07 1.~OEtO~

72.0 - 77.0 8.8970Et07 6.91BOE-oli 892 8. 539OE-oli J. 7270E+02 8.835OE-07 25 2.0550E-1J 3.292OE~ 2.~E~ 2.27~+08 2.955OE~

77.0 - 82.0 8.M~t07 6.91BOE-oli 892 8.539OE-oli 3.7270E+02 3.36OOE-07 25 1.829OE-I~ 1.252OE~ 1.0700E~ I. 875OEt07 8.~86OEt03

82.0 - 87.0 8.22~t07 6.91BOE-oli 892 8.539OE-oli J. 7270E+02 3.J09OE-07 25 4.606OE-I~ 1.233OE~ 1.01~2E~ ~.M5OEt07 1.292OEtO~

87.0 - 92.0 7.62OOEt07 6.91BOE-oli 892 8.539OE-oli J.7270E+02 5.21BOE-07 2~ 3.~-1~ 1.~5OE~ 1.~I9E~ J.186OEt07 1.1060E~

92.0 - 97.0 6.7100Et07 6.91BOE-oli 892 8. 539OE-oli J. 7270E+02 ~. 712OE-07 22 ~.437OE-I~ I.7560E~ 1.1782E~ 2. 798OEt07 1.0370EtO~

TOTAL 1.8802Et09 1.5MIEt06 tOA- 2. 56IOEt05

1
2.25OOEt072 Lake surface area C.ters squared) used to calculat. strat.. vol_ liaS

Depth .asured belOil trlllsducer, lIhich liaS I • froa surface.



ApperodiM lible 11. Hydroacoustic esti.ate of fish inhabiting Ar.a I, Kenai Lake, Alaska based on Transect i Inight surveyI integrator output. I
----------- -------------

Depth2
StratUII Mean NUllber Standard N""ber Mean Fish EsUeated Confidence

StratUII Vol_ Sigea Echoes Deviation A Integrator of Integrator Density NlIIII>er of Li.its
1.1 1.'3) Used Si!llla Constant Output Sequences Variar",. 1110.1.'31 Fish Variance 195~)

-----------------------
2.0 - 7.0 3. 8580E'07 1.0500E-05 In I. 0610E-05 2.~'02 3.7110E-ci 10 t.879OE-12 9.112OE-04 3.5157E'04 1.758OE'08 2.599OE+O~

7.0 - 12.0 3.8iOOE+07 1.1I5OE-05 1258 ~.339OE-05 2.312OE+02 I.OOIOE-ci 10 7.838OE-13 2.31~-04 8. 9335E+03 i.~OOE+07 1.5iIOE+O~

12.0 - 17.0 3.8iOOE'07 i.47iOE-06 330i 8.~00E-ci 3. 9810E+02 3.1170E-ci 10 1.73OOE-12 1.2~10E-03 ~.7904E~ ~.0980E'08 3.9i8OE~

17.0 - 22.0 3.8~+O7 5.2iIOE-ci ~U 5.mOE-ci ~.9010E+02 2.07iOE-ci 10 1.0310E-12 1.0170E-03 3.9127E~ 3. 6670E+08 3.75JOE~

22.0 - 27.0 3.703OE+07 ~.UiOE-ci ~383 ~.258OE-ci 5.7470E+02 t.37JOE-ci 10 3. 9200E-13 7.89~-04 2. 9233E.04 I.7770E.08 2.iIJOE~

27.0 - 32.0 3.~~5OE+07 ~.IOOOE-ci 3789 3.595OE-06 i.288OE+02 UOOOE-07 10 2.UJOE-13 5.282OE-04 1.8199E~ 1.1~2OE·08 2.0950E~

32.0 - 37.0 2.523OE.07 3.72~1IE-ci 2695 3.805OE-06 i.92JOE+02 I.082OE-07 9 1.17l0E-1~ 7.~9OOE-05 1.8898E'03 3. 57JOE.06 3.7050E+03
37.0 - ~.O i.2~+Oi 3.~-O6 1011 2.998OE-ci 7.4510E+02 O.~tOO ~ O.OOOOE.OO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
~2.0 - 47.0 O.OOOOEtOO 2.9700E-ci 195 2.089OE-ci 8.6810E+02 O.OOOOEtOO 0 1.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
~7.0 - 52.0 O. OOOlIEtOO 1.9i9OE-ci 57 I. 593OE-ci 1.309OE+03 O.OOOOEtOO 0 1.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

TDTIl. 2.5719E+08 1.804~E+05 'DR- 7.0970E~
I
U1

'" I .
I 2 Lake surface area I.ten squared) used to calculate strat.. vol.. illS 7.72OOE+Oi

Depth ...ured belOil transducer, Wiich illS I • froe surface.

..



AppendiM Table 12. Hydroacoostic estilate of fish irilabiting Area I, Kenai .Lake, Alaska based on Transect 7 Inight survlyl Integrator output. I
----

DePth
2

Strah.. Mean Nwlber Standard Nwlber Mean Fish Es'llated Confidence
Strat.. Vol... SigH Echoes Deviation A Integrator of Integrator Density Ilwober of Ullh

III 111"31 Used Sigea Constant Output Sequences Variance Cno./IA 31 Fish Variance C95~1

------
2.0 - 7.0 3.858OE+07 1.0500E-el5 177 1.0610E-el5 2.455OE+02 I. J:i10E-el5 19 3.88SOE-1I 3.316OE-03 I. 2794E+05 3. 583OE+09 1.173OE+05
7.0 - 12.0 3.859OE+07 I. 115OE-el5 1258 4. 339OE-05 2.312OE+02 1.5810E-05 19 5. J:i3OE-1I 3.656OE-03 1.4109E+05 4.503OE+09 1.315OE+05

12.0 - 17.0 3.859OE+07 7. 97SOE-06 262 I. 939OE-05 3.232OE+02 8.8WlE-06 19 2.139OE-1I 2.8580E-03 l.l031E+05 3.602OE+09 1.176OE+05
17.0 - 22.0 3.829OE+07 4. 372OE-06 395 4. 5970E-06 5. 8970E+02 5.339OE-06 19 I. 1470E-12 3. 148OE-03 1.20551:+05 6. 2570E+08 4.903OE+04
22.0 - 27.0 3. 695OE+07 3.528OE-06 256 3.6210E-06 7.308OE+02 1.846OE-06 19 3.4OOOE-13 1.349OE-03 4.9843E+04 2. 5810E+08 3.149OE+04
27.0 - 32.0 3.358OE+07 4.0000E-06 282 3.5ISOE-06 6. 446OE+02 1.473OE-06 19 I. 768OE-13 9.492OE-04 3. 1874E+04 8. 562OE+07 1.8140E+04
32.0 - 37.0 2. 5570E+07 3. 724OE-06 2695 3.805OE-06 6.923OE+02 1. 6810E-07 16 1.934OE-14 1.164OE-04 2. 9762E+03 6.065OE+06 4. 8270E+03
37.0 - 42.0 9.4170E+06 3.46OOE-06 1011 2.998OE-06 7.4510E+02 1.059OE-08 12 I. 122OE-16 7.894OE-06 7. 4335E+Ol 5.53OOE+03 1.458OEt02
42.0 - 47.0 O.OOOOE+OO 2.9700E-06 195 2.089OE-06 8. 6810E+02 O•.OOOOEtOO 0 1.0000EtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE+OO O.OOOOEtOO
47.0 - 52.0 O.OOOOEtOO 1.969OE-06 57 1. 593OE-06 1.309OE+03 O.OOOOEtOO 0 1.0000EtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

I 1OTIl. 2.5957Et08 5.8466E+05 +1lR- 2.2060E+05
@
I 1

2 Lake surface area IMt... squaredI used to calculat. strahl vol... IMS 7.72OOE+06
Depth Masured belOll transducer, lIhich 1M. 1 I froe surface.



Appendix Table 13. Hydroocou.tic titioate of fi511 imabiting Aru I, Kenai Lake, Ala.ka baied on Tran-eet 8 (night 5UNeyl integrator output. I
----- --------------

Depth2 Stratllll Mean NIIIIber Standard Nllllber Mean Fi511 Eiti.ated Confidence
Stratllll VoI_ Sigoa Ecboe. Deviation A Integrator of Integrator Den-ity NIIIIber of U.it&

(II (11"3) U5ed Silllla Constant Output Sequence. Variance (1lO.I.A31 Fi511 Varia,lCIl 195~1

2.0 - 7.0 3.769OE+07 I. 0500E-«i In 1.0610E-05 2.455OE+02 5.9870E-«i 7 7.8660E-IO I. 4700E-02 5.5414E+05 6.916OE+IO 5.1540E+05
7.0 - 12.0 3.462OE+07 1.4020E-«i 166 3.996OE-«i 1.839OE+02 6.66I0E-G5 6 2.614OE-10 1.2250E-02 4. 2412E+05 I. 9400E+l0 2.73OOE+05

12.0 - 17.0 2. 978OE+07 6. 8700E-06 183 7.5590£-06 3. 7530E+02 I!. 5950E-G5 6 7.926OE-II 9.739OE-oJ 2.9OO5E+05 1.046OE+l0 I!. 0050E+05
17.0 - 22.0 2. 246OE+07 3.2640E~ 155 3.6670E~ 7.899OE+02 7.758OE~ :I 1.9340E-II 6.128OE-G3 I. 3767E+05 6. 245OE+09 1.5490£+05
22.0 - 27.0 1.413OE+07 4.486OE~ 4383 4.2580E-06 5.747OE+02 8. !I19O£-G7 4 3.0010E-13 5.126OE-04 7.2419E.m 1.98OOE+07 8.7210E+03
27.0 - 32.0 I!. 5620E+05 4.1000E-06 3789 3.595OE-06 6.288OE+02 o.OOOOEtOO 2 o.OOOOEtOO o.OOOOEtOO o.OOOOEtOO o.OOOOEtOO o.OOOOEtOO
32.0 - 37.0 O.OOOOE+OO 3.7240E-06 2695 3.805OE-06 6.923OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOE+OO O.OOOOE+OO O.OOOOEtOO
37.0 - ~.O O.OOOOEtOO 3.46OOE~ lOll 2.998OE-06 M510E+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO o.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
~.O - 47.0 O.OOOOE+OO I!. 9700E-06 195 I!. 089OE-06 8. 6810E+02 O.OOOOEtOO 0 1.00000tOO O. OOOOEtOO o.OOOOEtOO o.OOOOEtOO o.OOOOEtOO
47.0 - 52.0 O.OOOOEtOO 1.969OE-06 57 I. 593OE-06 1.309OE.m . O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

I
0\ TOTAL I. 3894E+08 1.4132E+06 + OR - 6.36OOE+05
~

I
I 7. 72OOE+06.2 Lake .urface area (.b... iquaredl Vied to calculat••trat.. vol.. Mil

Depth lIIla.ured belOM transducer, Mhich lili I • froll liurface.

•



Appendix Table 14. Hydroacoustlc estinte of fiill imabltlng Area I, Kenai-Lake, Alaaka based on Transect 9A Cnight surveyl integrator output. I

Ilepth2 -------
Stratus Mean Husber Standard H..... Mean Flill EsUeated Confidence

Stratus Vol_ 81gn Echoes Deviation A Integrator of Integrator IlellSlty Hueber of Llelh
ell Ce"31 Used Sigea CollStant Output SeqUI!lll:llS Variance lno./e"31 Fiill Variance C95~1

-----
2.0 - 1.0 3.8510£+01 t.05OOE-05 111 1.Cl610£-05 2.455OE+02 t.0210£-o:l 23 3.4320£-11 2.5010£-03 9.6528E+04 3.1220£+09 1.0950E+05
1.0 - 12.0 3.B23OE+Ol 1.1150£-05 1258 4.339OE-05 2.3120£+02 1.5B3OE-o:l 23 3.1390£-11 3.659OE-03 1.3989E+05 2.688OE+09 1.0160£+05

12.0 - 11.0 3.1110£+07 7.152OE-06 345 6.6730£-06 3.605OE+02 1.2160£-05 23 8.5030£-12 4.599OE-03 1.7092E+05 1.6OOOE+09 7.8410£+04
11.0 - 22.0 3.53BOE+Ol 4.3100£-06 231 4.9430£-06 5.982OE+02 2.3450£-06 22 4.0100£-13 1.402OE-03 4.9615£+04 1.963OE+08 2.1460£+04
22.0 - 27.0 3.208OE+07 4.5690£-06 286 4.8830£-06 5.6430£+02 2.7050E-06 21 5.2110£-13 1.526OE-03 4.8990+04 1.B23O£+OS 2.646OE+04
21.0 - 32.0 2.9OOOE+Ol 3.1150£-06 185 3.355OE-06 6.94OOE+02 1.0040E-06 19 8.3460£-14 6.9670£-04 2.0204E+04 3.5610£+07 1.1100£+04
32.0 - 31.0 2.626OE+07 3.724OE-06 2695 3. 8050E-Cl6 6.9230£+02 4.2670£-01 II 3.0280E-14 2.954OE-04 7.759OE+03 1.0030£+01 6.2OBOE+03
31.0 - 42.0 2.36OOE+Ol 3.46OOE-06 1011 2.99BOE-06 7.4510£+02 4.664OE-07 16 3.0B00E-14 3.475OE-04 1.2016£+03 9.574OE+Cl6 6.0640£+03
42.0 - 41.0 1.9690£+07 2.9700£-06 195 2.0890£-06 8.6810£+02 6.525OE-OB 16 4.1130£-15 5.664OE-05 1.1154£+03 1.222OE+Cl6 2.1610£+03
41.0 - 52.0 1.2B2OE+Ol 1.9690£-06 57 1.5930£-06 1.309OE+03 2.383OE-09 12 3.0030E-18 3.12OOE-06 3.9996£+01 8.6430£+02 5. 162OE+OI

I TOTAL 2. 9274E+08 5. 4323E+05 + DR - 1.736OE+05en
N
I I

2 Lake surface area I.tars lIluaredl used to calculate stratus vol_ was 1.12OOE+Cl6
Ilepth .asured bel<* transducer, ""Ich was I e froe surface.



Appendix T.ble 15. Hydl"OiCou5hc eshl.te of fish iril.biting Area 2, Kenai :lake, Alaska based on Transect 9 Inight surveyl integrator output. I
-------

Depth2
StratUi ....n Nueber Standard Nwober Mean Fish Estilahd Confidence

StratUi Vol... Sig~ Echoes Deviation A Inhgrator of Integrator Density Nuober of lilih
(II he31 Used Si(llll Constant Output Sequences Varianctl (no. 1..31 Fish Variance 195111

2.0 - 7.0 5.9J8OE+07 1.0500E-05 In 1.0610£-05 2.~+02 1.16OOE-05 15 2.1920£-11 2.M9O£-oJ 1.6918£+05 ~.Il25OE+09 1.3610£+05
7.0 - 12.0 5.8710£+07 1.1I5OE-05 1258 ~.339O£-05 2.3120£+02 I.JJ2OE-05 15 7.IMOE-12 3.08IO£-oJ 1.8088£+05 1.7090£+09 8.1020E~

12.0 - 17.0 5. 7520E+07 5.1970£-GIi 2U ~. 8620E-GIi ~.9610£+02 1.1490£-05 15 6. 2210£-12 5.698OE-oJ 3. 2775E+05 5.~55OE+09 1.4480£+05
17.0 - 22.0 4.9470£+07 5. 459OE-Gii 331 5.566OE-Gii 4.723OE+02 1.1100£-05 15 8.4MOE-12 5.2UO£-oJ 2.593OE+05 4.828OE+09 1.3620£+05
22.0 - 27.0 4.116OE+07 4.1970£-GIi 190 3.6370£-GIi 6.143OE+02 4. 64IO£-GIi 12 I. 893OE-12 2.8510£-03 1.1735E+05 1.265OE+09 6.9700£~

21.0 - 32.0 3. 9290E+07 U92O£-GIi 185 3. J03OE-Gii 6.0070£+02 3.IJOOE-Gii 11 1.64~-12 1.88OOE-oJ 7.3872E~ 9. 3310£+08 5.9870£~

32.0 - 31.0 3.785OE+07 3.72~-or. 2695 3.805OE-Gii 6.923OE+02 9.2510£-07 10 I. 3860E-13 6.4040£-04 2.~43E~ 9.5410£+01 1.91~+O4

31.0 - ~.O 3.7060E+07 3. 4600E-GIi lOll 2.998OE-Gii 7.~510£+02 3.1~-oa 10 3.JJ2OE-16 2.313OE-05 8.:1722£+02 2.546OE+05 9.89OOE+02
~.O - 47.0 162~+O7 2. 9700E-or. 195 2. 089O£-or. 8. 6810£+02 o.OOOOE+OO 10 o.OOOOE+OO O.OOOOE+OO o.OOOOE+OO o.OOOOE+OO O.OOOOE+OO
~1. 0 - 52.0 3.553OE+07 I. 969O£-or. :17 1.593OE-Gii I.J09OE+03 o.l!OOO£+OO 10 0.0000E+00 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO

I
TOTAl 4. 522IE+08 1.I~E+06 + DR - 2. 7100£+05en

w
I ------- --------I

2 lake surface area (eehrs squared) used to calculate stratWl vol.. 1Ii1i 1.1910£+07
depth ..a5ured belOll transducer, lIhich IIlI I • froo lurface•

... ... --...



Appendix Tabll 16. Hydroacoustlc estilatl of fish inhabitillfl Area 2, ICenII'Lake, Alaska based on Transect lOA Inight survttyl integrator output. I

--De;~-- Strat.. - Mean IlwIber standard N....... Mean Fish btllatld
Strat.. VoI_ Sigla Edl_ Deviation A Integrator of Intlgrator Density NUlber of

III 1....31 \/sed Sipa Constant Output Sequ_ Variancl Ino.'....31 Fish Varia";'

Confidence
Lilils
195~1

1.889OE-ll 2.534OE~3 1.5084E+05 4.166OE+09 1.265OE+05
6. 4940E-12 5.568OE-03 3.3141E+05 4.1050E+09 1.256OE+05
1.115OE-ll 8. 9800E-03 5.333IE+05 1.264OE+IO 2.2030£+05
6.508OE-12 6.142OE-03 3. 634IlE+05 5.563OE+09 1.462OE+05
8. 6650E-12 6.53OOE-03 3.848IE+05 8.5410E+09 1.8110E+05
4.268OE-1~ 2.0250E-03 1.1882E+05 5.614OE+08 4.6440E+04
3.0290E-13 1.316OE-03 1.6II66E+04 4.9110E+08 4.346OE+04
3. 6600E-15 1.103OE-04 6. 4208E+03 6.9210E+06 5.156OE+03
5.8630E-15 9. 513OE-115 5. 5291E+03 1.50IOE+Ol 1. 593OE+03
4.1110E-16 2.655OE-115 1.5351E+03 2.385OE+06 3.0270E+03

,
0\
-l'>,

2.0 - 1.0 5.953OE+01 1.0500E-115 In 1.0610E-115 M55OE+02 1.0J2OE-115
1.0 - 12.0 5.~+Ol 6.902OE-06 165 1.99/!OE-06 3.135OE+02 1.49OOE-Il5

12.0 - 11.0 5.939OE+Ol 5.893OE-06 519 6.423OE-06 4.375OE+02 2.0520E-Il5
11.0 - 22.0 5.918OE+01 5. 3310E-06 , 480 5.028OE-06 4.8310E+02 1.2110E-Il5
22.0 - 27.0 5. 893OE+Ol U860E-06 831 4.t.16OE-06 5.271OE+02 1.2370E-115
21.0 - 32.0 5. 869OE+Ol 4.259OE-06 514 3.812OE-06 6.0540E+02 3.345OE-06
32.0-37.0 5. 842OE+Ol 3.1910E-06 421 3.1090E-06 6.aoIOE+02 1.935OE-06
37.0 - 42.0 5.8230£+01 3.46OOE-06 1011 2.998OE-06 1.4510E+02 1.48OOE~1

42.0 - 47.0 5.813OE+Ol 2.9700E-06 195 2.089OE-06 8.6810E+02 1.0!l60E~1

41.0 - 52.0 5. 184OE+Ol 1.969OE-06 51 1.593OE-06 1.309OE+03 2.0280E-o&

TOTfl. 5.8188E+08

I2 Lake surface area IIItIrS squarldl used to calcdate strat.. vol_ illS 1.1910E+Ol
Depth .nured belClOl transducer, Wiich illS I I fl'(ll surface.

22
22
22
22
22
21
21
21
21
21

1.913IE+06 + OR - 3. 723OE+05
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Hydroacou.lic RsliNte of fish inhabiting Area 2, Kenai .Lake, Alaska based on Transect 10 (night surveyl integrator output. I. Apperdi. Table 11•

~ DePth
2 StratUII Mean NWlber Stardard Nwober Mean Fish Esti.ated Confidence

StratUII VoluM Sig.. Echoes Devialion A Integrator of Integrator DerlSity Nwlber of Li.its
(.1 (..31 Used Si!l"a Constant Output Sequences Variance Cno./.A 31 Fish Variance C~~)

2.0- 1.0 5.95IOE.ol 1.0500E-05 In I. ODIOE-G5 2.~55OE+02 1.426OE-G5 20 l.6210E-11 3.502OE-03 2.1NM0E+05 3.7IJOE+0!l 1.1~0E+05

1.0 - 12.0 5.~OE.o7 6.20!l0E-ilii 150 MOIlOE-ilii ~.152OE+02 1.1J6OE-G5 20 I. 559OE-11 1.209OE-oJ ~.29Z2E+05 1.12BOE+IO 2.0810E+05
12.0 - 17.0 5.~2OE.o7 5.al~-ilIi 515 6. ~52OE-illi ~.J89OE+02 3.32-\OE-05 20 ~. 9110E-11 1.~-G2 8.6682E+05 3.5J9OE+IO 3. 6810E+05
17.0 - 22.0 5.925OE.o7 5.81JOE-illi ala 5. 62IOE-illi ~.J9OOE+02 UI~OE-05 20 7.196OE-11 2.0250E-G2 1.2OO1E+O£> 5.019OE+10 ~.J9IO£.o5

22.0 - 27.0 5.8'36OE.o7 ~. MBOE-illi 693 ~. 2600E-ilIi 5.9JOOE+02 1.747OE-05 20 2.225OE-11 1.0J6OE-G2 6.1019£+05 2. 71IOE+IO 3.262OE.o5
21.0 - 32.0 5.86OOE.ol UlJOE-ilii ~u 3. 186OE-illi 6.12OOE+02 6.9100E-G6 20 J.~-12 4.265OE-oJ 2.~996E+05 M6OOE+O!l I. JO!lOE+05
32.0 - 31.0 5.836OE.ol 3. 69JOE-illi M~ 2.712OE-illi 6. 9810E+02 2. 21-\OE-G6 20 a.58JOE-I~ 1.588OE-03 9.266IE~ 1.56OOE+08 2.~~8OE,"

31.0 - ~2.0 5.80IOE.ol 3.~-ilIi lOll 2.998OE-illi M510E+02 4.JJ6OE-07 20 1.919OE-I~ J.2310E~ l.a742E~ 3.125OE.o7 1.196OE,"
~.O - U.O 5.1JOOE.o7 2.9100E-ilIi 195 2. 089OE-OD a.68IOE+02 6.~IO£-oa 20 2.8OOOE-15 5. 61BOE-G5 3.25J8E.o3 6.956OE+OD 5.169OE.o3
~1.0 - 52.0 3.9~6OE.ol I. 969OE-illi 51 I. 59JOE-illi I. JO!lOE+OJ O.OOOOEtOO 19 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

I TOTII. UMIE+08 3.6199£+0£> +QR- 7.146OE+05en
01
I I

2 LakR .urface area CMte... squaredl used to calculate stratUII vol_ ...s 1.1910£+07
Depth .easured bel~ transducer, Wiich .... I • f~ .urface.



Appendix Table II. Hydroacoustic "tinte of fish iMabiting Area 2, Kenai .lake, Alaskl based on Transect IIA Inight surveyI integrator output. I

Depth
2

&trat.. Mean N.-ber Standard N.-ber Meln Fish EsU.ated Confidence
Strat.. VoI_ Sign Echoes Deviation A Integrltor of Integrator Density Ntulber of U.its

1.1 I..JI Used 51,," Constant Output Sequ_ Varianett lno.'..JI Fish Varlanett 195.1
--------

2.0 - 7.0 5.92~+07 I. 0500E-o:I In 1.06IOE-o:I 2.455OE+02 8.8JlOE-oT 26 2.9800E-IJ 2.1700E-04 1.285liE+04 6.J99OE+07 1.5Ii8OE+04
7.0 - 12.0 5.9100E+07 1.1I5OE-o:I 1258 4. JJ9OE-o:I 2.JI2OE+02 1.119OE-o:I 2Ii 8.8820E-12 2. 149OE-oJ 1.1i245E+05 I. 9760E+09 1.71JOE+04

12. 0 - 17.0 5.19JOE+07 li.I8lOE-oIi 3M . Ii. 15IiOE-oIi 4.11I0E+~ 1.128OE-o:I 2Ii 5. 478OE-12 4.7070E-oJ 2. 77J8E+05 J.5610E+09 1.1700E+05
17.0 - 22.0 5.178OE+07 4.U1OE-oli 459 5. JIi2OE-oIi 5.7670E+02 7.155OE-oli 25 2.0Ii00E-12 4.12IiOE-oJ 2.425JE+05 2.5510E+09 9.199OE+04
22.0 - 27.0 5. 8570E+07 4. 58IOE-oli 270 J.98JOE-06 5.1i28OE+~ J. 0070E-oli 25 1.2J8OE-12 1.Ii92OE-oJ 9.9127E+04 I.J7JOE+09 7.2li10E+04
27.0 - 32.0 5.8J70E+07 4.2Ii5OE-oIi 210 J.JJIOE-oIi 6.045OE+02 I. 4470E-oli 25 2.~IOE-IJ 1.748OE-04 5.1068E+04 2.5920E+08 J.156OE+04
32.0 - J7.0 5.118OE+07 4.129OE-oli 282 J. 9290E-oIi li.24~+02 1.59OOE-oli 25 J.9770E-IJ 9.9270E-04 5.7761E+04 5.J510E+08 4.5JIiOE+04
J7.0 - 42.0 5. 799OE+07 J. 4IiOOE-oIi 1011 2.998OE-oli 7.4510E+02 2.619OE-07 25 9.6110E-15 1.952OE-04 1.IJI8E+04 I.804OE+07 I.J25OE+OJ
42.0 - 47.0 5. 779OE+07 2. 9700E-oIi 195 2.089OE-oli 8.1i810E+02 I. 4970E-10 25 2,242OE-20 I.JOOOE-07 7.512JE+OO 5.Ii58OE+01 I. 414OE+01
47.0 - 52.0 J.4~+07 1.969OE-oli 51 I. 59JOE-oli I.J09OE+OJ 1.0880E-09 25 I.I~-II I. 4250E-oIi 4.9067E+Ol 2.4J5OE+OJ 9. 6720E+OI

I
TDTlL 5.61J9E+08 9.1455E+05 +OA- 1.99JOE+05en

en
I

~ lake surface lrea I.t.... squaredl u.1d to calculate strlt.. vol_ ...s 1.1910E+07
Depth .oured belOlI transducer, 1Ilich .... I • fl'al IUrface.
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Appendil Table 20. HydroacousUc ..U.ate of fish InhablUng Area 3, l(enal·lake, Alaska based on Transect 12A Inlght surveyl Integrator output. 1

- ----------- --------------------------------------------------------
DePth

2
Strat.. ""ill Huaber Standard Hueber Mean Fish EsU.ated Cor.fIde""e

Stratua Yol_ Slg.. Echoes Deviation A Integrator of Integrator Density bber of U.lh
1.1 111"31 Used Sigea Constant Output 5eq1lllllCl!S Yarlaree 100.'11"31 Fish Varla""e 195~)

----------------------------------------
2.0 - 7.0 5. 265OE+07 1.05OOE-05 177 1.0610E-05 2.455OE+02 e. 78OOE-07 28 6.60JOE-13 2.1560E-M 1.1J5IE+M 1.1l10E+08 2.0660E+04
7.0 - 12.0 5.2J5OE+07 1.1I5OE-05 1258 4. mOE-o:I 2.312OE+02· 5.978OE-06 28 4. 9460E-12 I.J82OE-03 7. 236JE+M 7. 8770E+08 5.5010E+04

12.0 - 17.0 5.179OE+07 6.6990(-06 178 7.062OE-06 1849OE+02 6.294OE-06 28 I. 69JOE-12 2. 422OE-03 1.2547E+05 7.7100E+08 5. 4420E+04
17.0 - 22.0 5.09JOE+07 4.7J9OE-06 275 5.282OE-06 5.44OOE+02 4.0640E-06 28 5.264OE-13 2. 21 IOE-03 1.1259E+05 4.6140E+08 4.2100E+04
22.0 - 27.0 4. 9310E+07 4.3610E-06 264 3.815OE-06 ~.912OE+02 2.4JJOE-06 28 2.902OE-13 I. 438OE-03 7.0920E+M 2.612OE+08 3.168OE+M
27.0 - 32.0 UI9OE+07 4.5li4OE-06 J08 3.684OE-06 5.649OE+02 1.8020E-06 28 2.0500E-13 1.01SOE-03 4.906JE+M 1.5700E+OB 2.456OE+04
32.0 - 37.0 4. 734OE+07 4.J99OE-06 190 2. 915OE-06 5. 8610E+02 6.076OE-07 27 2. 675OE-14 15610E-M 1.686OE+04 2.125OE+07 9.035OE+03
37.0 - 42.0 4,628OE+07 3.4600E-06 1011 2.998OE-06 7. 4510E+02 6.1010E-08 27 5. 9220E-16 4.546OE-05 2.1037E+03 7.0740E+05 1.649OE+03
42.0 - 47.0 4. 2870E+07 2.9700E-06 195 2.OB9OE-06 8. 6810E+02 1.5370E-08 26 l.2B6OE-16 1.334OE-05 ~. 7211E+02 1.7B9OE+05 B.29IOE+02
47.0 - 52.0 3.854OE+07 1.969OE-06 57 1.59JOE-06 1.309OE+03 O.OOOOE+OO 25 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.oooOE+OO

----------------
I TOT'" U025E+OB 4.6129E+05 + OR - 9. 939OE+Mm

0:> - -----------------I

1 Lake surface area l..ten Iquaredl II5ed to calculate stratUl vol_ illS 1. 0540E+07.
2 Depth ..asured belOll transducer, .nlch 11I1 I • froe lurflCll.
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AppendiM Table 21. Hydroacoustic estieate of fish imabiting Area 3, Kenai .lake, Alaska based on Transect 12 Inight survey1 integrator output. I

• ------------------------------------------------
DePth

2
Stratue Mean Hueber Sh,"dard NWIber Mean Fish Estieated Confider",e

Stratue UoIUlll! Sig.. Echoes Deviation A I,ttegrator of Integrator oe,"dty Huber of U.its
(el le'31 Used Bigea Constant Output Sequences Varia,a (rlO./e'3) Fish Variar",e (95J')

------- ----------------------------------------------------------------------------
2.0 - 7.0 5. 2670E+07 1.0500E-05 171 1.0610E-05 2.~55OE+02 9.li62OE-06 15 2.1060E-ll 2. 372OE-03 1.2~97E+05 3.6HOE+09 1.1780E+05
7.0 - 12.0 5.25OOE+07 1.115OE-05 1258 ~.339OE-05 2.312OE+02 5.0950E-06 15 3. 5560E-12 1.I7SOE-03 6.1M4EtM 5.7010E+08 4,6800EtM

12.0 - 17.0 5. 225OE+07 6. 476OE-06 3306 8.~00E-06 3. 9810E+02 4.~18OE-06 15 2. 453OE-12 1.759OE-03 9. 190IEtM 1.066OE+09 6.~+04

17.0 - 22.0 5.20IOE+07 5.2610E-06 4648 5.9940E-06 4.9010E+02 4. 1370E-06 15 1. 2660E-12 2.02SOE-03 1.05451:+05 8. 2560E+08 5. 6320E+04
22.0 - 27.0 5. 183OE+07 4.486OE-06 4383 4.258OE-06 5. 747OE+02 2. 2400E-06 15 5.035OE-13 1. 2870E-03 6. 6717E+04 4. 478OE+08 4.1~8OE+04

27.0 - 32.0 5.H3OE+07 4.1000E-06 3789 3.595OE-06 6.288OE+02 1.884OE-06 15 3. 585OE-13 1.185OE-03 6.0939E+04 3.7570E+08 3.799OE+04
32.0 - 37.0 5.1050E+07 3. 724OE-06 2695 3.805OE-06 6.923OE+02 3.358OE-07 15 1.8220E-14 2.325OE-04 1. 1869EtM 2.2810E+07 9.3610£+lI3
37.0 - 42.0 5.0670E+07 3.46OOE-06 1011 2.998OE-06 7.4510E+02 2. 654OE-07 15 5. 6820E-15 1. 97SOE-04 1.002IEtM 8.1760E+06 5.6O't0E+03
~.O - 41.0 5.028OE+07 2.9700E-06 195 2.089OE-06 8.6810E+02 8,50SOE-D9 15 4.904OE-17 7.385OE-06 3.71351:+02 9.379OE+04 6.0020£+02
47.0 - 52.0 2.908OE+07 1.969OE-G6 57 1. 593OE-06 1.309OE+03 O.OOOOE+OO 15 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO

---------------------------I
m TOTAl 4.9IDE+08 5. 3408E+05 + OR - 1.6320£+05
'"I ---------------------------------------------1

2 lake surface area leeters squared) used to calculate stratue volUlll! IliS 1.0540E+07
Depth ...ured belOl transducer, ehich IliS 1 • froe surface.



Appendix Tabl. 22. Hydroacoostie ..tiut. of fish imabiting Area 3, Kenal.lake, Alaska based on Transeet 13A lnight surveyl integrator output. 1

------------------------------------------------------------------
Depth

2
Stratus "lin Nueber Standard NWIber !lean Fish EsUuted Confidence

StratUII Vol_ Sign EdIOIls Deviation A Integrator of Integrator Density Hueber of U.its
I.) 1....31 Used Sign Constant Output Sequ_ Varianctl (no. 1.'3) Fish Varianee 195~1

-----------------------------------------------------------
2.0 - 7.0 5.2660£+07 1.05OOE-05 In 1.0610£-05 2.455OE+02 2.7470£-06 21 I. 846OE-12 6. 745OE-Q4 3.55ISE+04 3.159OE+08 3. 48WE+04
7.0 - 12.0 5.268OE+07 1.1I5OE-05 1251 4.33'3OE-05 2.312OE+02 5.803OE-06 21 3.0890£-12 I. 342OE-Q3 7.0680E+04 5.185OE+08 4. 463OE+04

12.0 - 17.0 5.2680£+07 6. 476OE-06 3306 8.42OOE-06 3. CJ81O£+02 5.226OE-06 21 3.195OE-12 2.0810E-Q3 I. cr.I6OE+05 1.4110£+0') 7. 36WE+04
17.0 - 22.0 5.266OE+07 6.162OE-06 188 5.9770£-06 4.1840£+02 5. 676OE-06 21 6. 472OE-12 2. 375OE-Q3 1.2508E+05 3. 2210£+09 1.1I20E+05
22.0 - 27.0 5. 242OE+07 6.194OE-06 164 5.0470£-06 4.162OE+02 2.123OE-06 21 3. 9920E-13 8.836OE-04 4. 631 3E+04 1.9870£+08 2. 763OE+04
27.0 - 32.0 5.1490£+07 3.8570£-06 201 3.0930£-06 6.684OE+02 2.1090E-06 21 4.0310£-13 1.409OE-Q3 7.25751'+04 4. 94WE+08 4.358OE+04
32.0 - 37.0 5.016OE+07 3. 724OE-06 2695 3.805OE-06 6.923OE+02 7.93OOE-Q7 21 4.3270£-14 5. 49OOE-Q4 2. 7537E+04 5. 247OE+07 1.42OOE+04
37.0 - 42.0 4.952OEt07 3.46OOE-06 1011 2.998OE-06 7.4510£+02 2.813OE-Q7 20 1.6100E-14 2.0'l60E-04 1.038IE+04 2.2OOOE+07 9.1940E+03
42.0 - 47.0 4.8780£+07 2.9700E-06 195 2.0890£-06 8. 6810E+02 3.265OE-08 20 5. 3290E-16 2.834OE-05 1.3825E+03 9.605OE+05 1.9210E+03
47.0 - 52.0 4.822OE+07 1.9690£-06 57 I. 593OE-06 1.309OE+03 O.OOOOEtOO 20 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE+OO

------------------
I mTAl 5.1121£+08 4.9901£+05 + OR - 1.5480£+05....
'i' ----------------------------------

~ lake surfaes area I.ters squaredI used to ealeulat. strltUII vol_ illS I.054OE+07
Depth .asured belllll transdueer, IIhieh illS I • fro- surfle••
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; Appendix libll Z3. Hydroicouotic lotilit. of fi5h inhibiting Arei~. Kenii·Like. Alioki bioed on Trin5lCt 13 (night iurvlyl integritor output. I

DePth
Z -------------------------------------------------------------------

Stritue Mein Nueber Stindird NUMber Mein Fi5h EitiMited Confidence
Strit.. Vol... Sigu Echoei Deviition A Integritor of Integritor Denoity Nuaber of Lilih

II) 111"31 lJ5ed Sigli Con5hnt Output Sequerai Viriiroel eno.I.'31 Fi5h Viriince (951')

-----------------------------------
Z.O - T.O 7.17I0E+07 1.0500E-05 177 I. CMiIOE-05 2. ~55OE+0i! 1.39OOE-05 15 3.365OE-1I 3.~13OE-03 Z."7ZE+05 1.078OE+10 2.035OE+05
7.0 - 12.0 7.13'JOE+07 1.1I5OE-05 1258 ~.339OE-05 2.312OE+Oi! ~.529OE-06 15 3. 6850E-IZ I.M70E-03 7.476IE+O~ 1.0710E+09 6.U5OE+0~

12.0 - 17.0 7.103OE+07 7.5770E-06 159 7.159OE-06 3.~3OE+Oi! 1.IMOE-05 15 I.MIOE-12 3.96OOE-03 2.1128E+05 5.~95OE+09 1.~53OE+05

17.0 - 22.0 7.0660E+07 UIOOE-06 320 ~.5010E-06 5.593OE+Oi! 8.816OE-06 15 2.18OOE-12 ~.93OOE-03 3.~135E+05 U58OE+09 1.366OE+05
22.0 - 27.0 7. Oi!OOE+07 3.805OE-06 M2 3.892OE-06 6. 776OE+Oi! 5.1570E-06 15 6.72~-13 3.~95OE-03 2.~53ZE+05 1.7060E+09 1.0940E+01t
27.0 - 32.0 6. 9560E+07 3. 718OE-06 396 3.992OE-06 6.ICMiOE+Oi! 3. 5970E-06 15 7.IJOOE-13 2.~48OE-03 1.7028E+05 I. 6800E+09 8.0320E+0~

32.0 - 37.0 6. 89IOE+07 2.~-06 177 2. 7870E-06 I. 721OE+Oi! 9. 99IOE-07 15 1.121OE-13 1.72OOE-o~ 6.008ZE+M ~.263OE+08 ~.M70E+M

37.0 - ~.O 6.829OE+07 3.46OOE-06 1011 2.998OE-06 7.4510E+Oi! 2. 579OE-07 15 1.963OE-1~ 1.922OE~ 1.3123E+M 5.0950E+07 1.399OE+~

~.O - 47.0 6. 777OE+07 2. 9700E-CMi 195 2. 0I9OE-CMi I.68IOE+Oi! I.OD7OE-07 15 9.62~0E-15 I. 7"0E-05 5.926ZE+03 3.MOOE+07 1.133OE+0~

47.0 - 52.0 6. 733OE+07 1.969OE-06 57 1.593OE-06 1.309OE+03 1.10000-ol 15 I. 2210E-16 1.~470E-05 9. 7414E+02 9.5980E+05 I. 92OOE+03
I -------------------------------... 10Tll. 6. 9685E+08 1.~"8E+CMi + OR - 3.1670E+05~

------------------I
l.n70E+07Z Like ourfiCll irei e..tertl illUiredl uild to cilculite itrit.. vol... Ilia

Depth ..lOured belOll triOsducer, lilich _ I • froe iurfiCl.



Appendix Table 2~. HydroacoulUc estieate of fish illhabiUng Area ~, Kenai .uke, Alaska based on Transect UA Inight survey) Integrator output. I

------------------
Depth

2
Strat.. Mean N..ber Standard Nueber Mean Fish EsUeated Confidence

Strahl Vol_ Sigea Echoes Deviation A Integrator of Integrator Density IluIIber of U.ih
1.1 111"31 Used Sigea Constant Output Sequences Variance 100./11"31 Fish Variance 195~1

------- -------- ---------------------------------------
2.0 - 7.0 7. 17'3OE+07 I.OSOOE-05 177 I. 0li10E-05 2.~55OE+02 1.58OOE-0li 2~ 1.~70E-12 3.8800E-04 2.7852E~ ~.85OOE+08 ~.316OE+0~

7.0 - 12.0 7.15'3OE+07 1.1I5OE-05 1258 ~. 33'JOE-05 2.312OE+02 7.436OE-oli 2~ 1.303OE-II I. 71~-il3 t.2309E+05 3.753OE+09 1.2010E+05
12.0 - 17.0 7. II '3OE+07 6.~76OE-oli 330li S. 4200E-oIi 3. 9810E+02 9. OOIOE-oIi 2~ ~.4100E-12 3. 583OE-il3 2. 55I1E+05 3.62~0E+09 1.18OOE+05
17.0 - 22.0 7.093OE+07 5.7720E-or. 299 6.MOOE-oli ~.~70E+02 ~.7310E-oli 2~ 1.~12OE-12 2.113OE-il3 1.~99IE+05 1.5OOOE+09 7.5920E+O~

22.0 - 27.0 7.078OE+07 ~. 941OE-oli ~~ ~. 082OE-oli 5.212OE+02 8. 0320E-oIi 2~ .~.9850E-12 ~. l86lE-il3 2.9626E+05 6.918OE+09 t.63OOE+05
27.0 - 32.0 7.0620E+07 3.832OE-or. 510 3.~-oIi 6.728lE+02 9.7I'3OE-oli 23 t.838OE-tt 6.539lE-i)3 ~.6179E+05 ~.185OE+IO ~.0100E+05

32.0 - 37.0 7.M5OE+07 3. ~~5OE-oli 625 2. ~'3OE-oli 7.4MOE+02 2.868OE-0li 23 I. ~0li(E-13 2.1~-il3 1.5119E+05 ~.176OE+08 ~.OO5OE+O~

37.0 - ~.O 7.0260E+07 3.5500E-oIi 219 3.005lE-oIi 7.263OE+02 6.8Oli(E~7 23 2.125OE-I~ ~.~3OE-04 3.4127E~ 5.926OE+07 1.509OE+M
~.O - 41.0 6.996OE+07 2.9700E-oIi 195 2.08'3OE-oli I.68llE+02 1.~~7 23 2.4MOE-15 9.41~-05 6.5862E+03 9.0880E+0li 5.90'3OE+03
~7.0 - 52.0 3.8B3OE+07 1.969lE-oIi 51 I. 593OE-oli 1.309lE+03 1.1370E..qJ 23 I. 293OE-18 I. ~89(E-il6 5. 7819E+OI 3. 3810E+03 1.1~00E+02

------------
I TOTII. 6.7WlE+08 1.5066E+06 + DR - ~.n5OE+05.....

N -----------------------------------------I

~ Lake surface II'ft l.t... squared) used to calculete str.tUII vol_ illS 1.~370E+07.

Depth ...ored belllll trlllsdl£lr, IIhlch illS I • froe surface.
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HydrOicoustic estilate of fish inhabiting Area 4, Kenai·Lake, Alaska based on Transect 14 (night survey) integrator output. I, Appendix Table 25.
---------------------------------

~

Depth2 StratUi Mean NlIIIber Standard NUllber Mean Fish Eitilated Cor.fidence
StratUII Yol_ Sigla Echoes Deviation A Integrator of Ir.tegrator Density Nueber of Ulih

III CIA 31 Used Sillllil Constant Output . &equene... Variar",e (no./IA 3) Fish Variar.ce C95i)

-----------------------------------------
2.0 - 7.0 7.18OOE+07 1.0500£-05 171 I. 0Ii10E-05 2.455OE+02 1.8450£-06 13 1.0330E-12 4.532OE-04 3.2538£+04 3.273OE+08 3.~60Et04

7.0 - 12.0 7.164OE+07 1.1I5OE-05 1258 4. 33'JOE-05 2.312OE+02 3.M4OE-06 13 8.158OE-12 8.889OE-04 6.36~t04 2.2870E~ ~.373OEt04

12.0 - 17.0 7.154OEt07 6. 476OE-Oli 330Ii 8.42OO£-OIi J. 9810E+02 &. 3'330£-06 13 5.0070E-12 2.~5OE-oJ 1.8209Et05 4.079OEt~ I. 25<!OE+05
17.0 - 22.0 7.135OE+07 5. 26IOE-Oli 4648 5.~40E-Oli UOIOE+02 6. 32IOE-Oli 13 2. 5770E-12 3.~--o3 2.2100£t05 3.163OE~ 1.I02OEt05
22.0 - 27.0 7.114OEt07 4.486OE-Oli 4383 4.258OE-Oli 5.7410E+02 J. 7130£-06 13 2.6~3O£-12 . 2.I34OE--03 1.5182Et05 4.506OEtO~ 1.3160Et05
27.0 - 32.0 7.~+O7 3. 7240E-Oli 157 4. 0550E-OIi 6.9230£+02 2.112OE-06 13 4. 726OE-13 1.462OE--03 1.0368Et05 1.22IOEt~ 6.MSOEt04
32.0 - 37.0 7.0700£t07 J. 724OE-Oli 26~ 3.805OE-Oli &.9230£+02 1.2170E-06 13 2.165OE-13 8. 4270E-04 5.958IE+04 5.20IOEt08 4.4700£+04
37.0 - 42.0 7.0430£+07 3. 46OOE-Oli 1011 2.~-OIi 7.4510E+02 4.2700£--07 13 3.J47OE-14 3.182OE-04 2.2408E+04 8.7050E+07 1.829OE+04
42.0 - 47.0 6. 988OEt07 2.~700£-OIi I~ 2.089OE-0li 8. 6810E+02 1.~3O£--oa 13 I. 6710E-16 1.122OE--05 7.MIJEt02 6.1640Et05 I. 539OE+03
47.0 - 52.0 M35OE+07 I. ~9OE-Oli 57 I. 5~3O£-OIi 1.309OE+03 6.6310E~ 13 4.3'370E-17 8.682OE-Oli 3. 850JE+02 1.5OOOEt05 7.5~t02

--------------
I

TOTAL 6. 8375Et08 8. 37%Et05 2.4~40Et05...... tOR-
w
I ------------------1

2 Lake surface area (eehrs squaredI used to calculate stratUi vol_ IiiS I. 4370E+07
. Depth _aoured belOll transducer, Ilhich Iii5 I I froe surface•

•



Appendh Table 26. Mydroacoustic esti..te of fish inhabiting Area 4, Kenai'lake, Alaska based on Transect 15A Cnight surveyI integrator output. I

----------------------------------------------------
Ilepth

2 StratUII lIean NUllber Standard Nullber Ilean Fish EsU..ted Cor,fideroCB
StratUII Vol_ Slg.. Echoes Deviation A Integrator of Integrator DeMity NUllber of Ueits

leI 111"31 Used Sigaa CoIIStant Output SequellClls Variance Ir... /11"31 Fish Variaroee C95ltl

------------------------------------
2.0 - 7.0 7.1810£+07 I. 0500E-«i 177 1.0610£-«i 2.455OE+02 O.OOOOEtOO 27 O.OOOOEtOO 0.0000£+00 O.OOOOEtOO O.OOOOE+OO O.ooooe+OO
7.0 - 12.0 7.169OE+07 I. 115OE-«i 1258 4.339OE-05 2.3120£+02 1.314OE-06 27 6.0290E-13 3.0390E-04 2.1784£+04 1.7140£+08 2.566OE+04

12.0 - 17.0 7.159OE+07 6.4760£-06 3306 e. 4200£-06 3. 9810£+02 I. 738OE-06 27 1.1910£-12 6.919OE-04 4. 953IE+04 9.689OE+08 6.1010£+04
17.0 - e2.0 7. I45OE+07 5. 2610£-06 4648 5.994OE-06 4.9010£+02 1.4240£-06 27 4.11!OOE-13 6. 978OE-04 4.9856E+04 5.059OE+08 4.4080£+04
e2.0 - 27.0 7.129OE+07 4.486OE-06 4383 4.258OE-06 5.7470£+02 8.29OOE-07 27 6.206OE-14 4.765OE-04 3.3968E+04 1.0440£+08 2.0030£+04
27.0 - 32.0 7.1100£+07 4.1000E-06 3789 3.595OE-06 6.1!88OE+02 4.992OE-07 27 2.7370£-14 3.139OE-04 2.232OE+04 5.4820£+07 1.4510£+04
32.0 - 37.0 7.0720£+07 3.724OE-06 2695 3.8050£-06 6. 9i!3O£+02 7.206OE-oB 26 2.0110£-15 4.989OE-05 3.5284£+03 4.8270£+06 4.306OE+03
37.0 - 42.0 7.0460£+07 3.46OOE-06 1011 2.998OE-06 7.4510£+02 3.983OE-oB 26 6. 3840E-16 2.968OE-05 2.09I1E+03 1.7630£+06 2.6030£+03
42.0 - 47.0 7.0230£+07 2.9700£-06 195 2.089OE-06 8.6810£+02 1.819OE-oB 26 3.308OE-16 1.579OE-05 1.1089E+03 1.2330£+06 2.1760£+03
47.0 - 52.0 4.753OE+07 1.969OE-06 57 1.5930£-06 1.309OE+03 O.OOOOEtOO 26 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

--------
I

TOTAL 6.8787E+08 I. 8419E+05 +OR- 8.3460£+04.........
I --------------------------

~ lake surface area CEtera squaredl used to calculate strltUII vol_ lIlIS 1.4370£+07
Depth EUured belOIl transducer, llhich illS I e froe surface.



,
Aliiki based on Triniect 15 Inight surveyl integritor output. IAppendiM Table 21. HydrOicoustic estilite of fish irohibiting Arei 5, IIenii .Like,

------------------------------------------------------------------------------------
Depth

2
Stntue Mean Hueber Stirodird Nueber lIean Fish Esti.ated Confidence

Stritue VolUBe Sigli Echoes Deviition A Integrator of Integrator Density Hueber of U.its
1.1 1.'31 Used Sig.a Constant Output SequellClli Variince 1r1O.'''31 Fish Variance (95~1

--------------------------
2.0 - 1.0 5. 439OEt01 I. 0500E-05 In 1.061(£..:05 2.455OE~ O.OOOOE+OO II O.OOOOE+OO O.OOOOE+OO O.OOOOEtoo O.OOOOEtoo O.OOOOEtOO
1.0 - 12.0 5.432(£tOl 1.115(£-05 1258 4.339OE-05 2.312C£~ 1.314(£-06 II 5. 8350E-13 3.116OE-04 1.1255Et04 9.565OEt01 1.9110Et04

12.0 - 11.0 5.405(£t01 6.416OE-06 3306 8.42OOE-06 3.9810E~ 3. 216OE-06 II 3.0310E-12 I. 3040E-()3 1.0496Et04 1.409OEt09 1. 3510Et04
11.0 - 22.0 5. 313OEt01 5.2£10E-06 46~ 5.994(£-06 4.9010E~ 2.5010E-06 II 1.146OE-12 1.2290[-03 6.6oo5Et04 1.959OEt08 5. 53OOEt04
22.0 - 21.0 5. 32IOEt01 4.~-06 4383 4,258OE-06 5.7410E~ 1.5li10E-()1 II 2.0896E-13 4.345(£-04 2.3122Et04 1.955{£t08 2. 1400Et04
21.0 - 32.0 5. '255OEtOl 4.1000E-06 3189 3.595OE-06 6.288OE~ 5. 1610E-()8 II 3.114(£-15 3. 6220E-05 1.9031EtOJ i.4610Et06 3. 649O[t03
32.0 - 31.0 5.2100Et01 3.124(£-06 2£95 3.805(£-06 6.923OE~ 3. 019QE-()1 10 2. 7140E-14 2.132(£-04 1.lloeEt04 3.614(£t01 1.118OEt04
31.0 - 42.0 5.166OEt01 3.46OOE-06 1011 2.998OE-06 1.4510E~ 1.338OE-09 10 I. 1910E-18 9.912C£-()1 5.1516EtOl 2.656OEt03 1.0100Et02
42.0 - 41.0 5.I08OEt01 2. 9100E-06 195 2.089OE-06 8.6810E~ 0. OOOOE+OO 10 O.OOOOE+OO O.OOOOE+OO O.OOOOEtOD o.OOOOEtoo o.OOOOEtoo
41.0 - 52.0 3.5~6OEt01 1.969OE-06 51 I. 593OE-06 1.309OEtOJ 1.1080E-()8 10 I. 2210E-16 1.45OOE-05 5.142C£~ 2.61~t05 1.0140Et03

------------------I

" TOTAL 5.1255Et08 1.9046Et05 t OR - 9. 8100EtO~U1
I ------------ -------------------------I

1.093OEtOl2 like iurface area leeters squiredl used to cilcu!ite stritue volUBe llii
Depth ee..ured belDli transducer, Wlich IliS I • froe surface.



Appendix Table 28. Hydl'OKOUitic estinte of fish inhabiting Area 5, Kenai-Lake, Alnka based on Tnnsect 16A (nigh! surveyl integrator output. I
--------------------------

Depth2 Stnt.. Mean ....ber Standard Naber Mean Fhh Esti.ated Confidence
Strata VoI_ Sign Echoes Deviation A Integrator of Integrator Density Ntmber of U.its

1.1 1.-'31 Used Sigu Constant Output Sequences Variance lno.'.-'31 Flih Varlar"", 195.'
-----------------------------

2.0 - 7.0 5. 462OE+07 1.0500E-05 171 1.0610E-05 l!. 45501:+02 5. 62401HlIi 33 4.175OE-12 1.38IOE-03 7.5426E+04 7. 8370E+08 5. 4870Et04
7.0 - 12.0 5. 464OEt07 1.1I5OE-05 1258 4.339OE-05 2.312OE+02 2.0970E-06 33 8.4060E-13 4.848OE~ l!. 6488E+04 1.426OE+08 2. 3410E+04

12.0 - 17.0 5. 222OEt07 6.416OE-06 3306 8.4200E-06 3. 9810E+02 1.045OE-06 33 J.8830E-13 4.159OE~ 2.I7IIE+04 8.163OEt07 1.71I0E+04
17.0 - 22.0 5.032OEt07 5. 2610E-06 4648 5.994OE-06 4.9010E+02 l!. 0510E-06 32 5.n70E-13 I.OO5OE-03 5.0576E+04 3.5020E+08 3. 6680E+04
22.0 - 27.0 4. 939OE+07 4.486OE-06 4383 4.258OE-06 5.7470E+02 5.8170E-07 32 4.572OE-14 3.M3OE~ 1.6510E+04 J.689OEt07 1.19OOEt04
27.0 - 32.0 4. 768OEt07 4.1000E-06 3789 3.595OE-06 6.288OE+02 5.6710E-07 31 7.566OE-14 3.566OE~ 1.7004E+04 6.8070Et07 1.6170Et04
32.0 - 37.0 4.662OEt07 3.724OE-06 2695 3.805OE-06 6.9i!3OE+02 I.096OE-07 30 2.9510E-15 7.586OE-05 3.536IE+03 J.078OE+06 3. 439OEt03
37.0 - 42.0 4.568OEt07 3.46OOE-06 1011 2.998OE-06 7.4510E+02 3.mOE-09 30 1.074OE-17 l!. 4420E-06 1.1I56E+02 I. 245OE+04 2.1870E+02
42.0 - 41.0 4.4170E+07 2. 9700E-06 195 l!.089OE-06 8. 6810E+02 O.OOOOEtOO 29 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
41.0 - 52.0 3.0800Et07 1.969OE-06 57 1.593OE-06 1.309OEt03 2.5850E-10 29 6.683OE-20 3.385OE-07 1.0424EtOl 1.0990E+02 2.0550EtOl

---------
I

TOTAL 4.7614E+08 2.1138E+05 + OR - 7.505OE+04.....
'"I ----------

~ Lake surface arH l.t.... Iquai'edl used to calculate strata vol.. iii. 1.093OEt07.
Depth .nured belClOl transducer, llhich IliS I • f.....urface.
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Appendix Table 2S. Hydroacoustic estiaate of fish inhabiti~g Area 5, Kenai "Lake, Alaska based on Tra~sect 1& (night surveyI i~tegrator output. I

--DePt~---litrat..---",,:;;---~::ber-Shrodard--------------;;uaber--;::;;--- Fish--~stiaate~----------~r,f~~:r~:

Strat.. VolU118 Sigoa Echclei Deviation A Integrator of Integrator Deniity Nwlber of LiaUs
ea) ea'3) Used Sigu Conitant output Sequences Variance 11'IO./a'3) Fish Variar~e 1951t)

2.0 - 7.0 5•.\Ii2OE+07 1.0500E-05
7.0 - 12.0 5.395OE+07 1.1I5OE-05

12.0 - 11.0 5.212OE+07 &.47&OE-o&
17.0 - 22.0 4. 933OE+07 5.2&IOE-o&
22.0 - 27.0 4. 6850E+07 4.486OE-o&
27.0 - 32. 0 4. 455OE+07 4. lOOOE-o&
32.0 - 37.0 4.~IOE+07 3.72~-o&
37.0 - 42.0 U43OE+07 3•.\IiOOE-o&
.a. 0 - 47.0 4. 1200E+07 2. 9700E-o&
47.0 - 52.0 4.0170E+07 1.9&9OE-o&

9.4510E~ 5.162~~ 2.YOOE+09 1.015OE+05
1.138OE~ 6. H23E+03 2.313OE+07 9. 42&OE+03
2.9OOOE-05 1.51m+03 1.128OE+O& 2.082OE+03
4.05&0E~ 2. 0009E+04 3.139OE+08 3. 473OE+04
6.19&OE4 2.902&E+02 5.~2OE~ 4.53OOE+02
4.1510E-o& I. M95E+02 3. 4210E~ 3. 6250E+02
O.OOOOEtOO O.OOOOE+OO O.OOOOE+OO O.OOOOEtOO
O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE+OO
0. OOOOEtOO 0. OOOOEtOO O. OOOOEtOO O. OOOOEtOO
O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

-
i

I-..-..
I

TOTll. 4.Y&3E+08

In l.o&IOE-05 2.455OE+02 3.M9OE4
1258 4.339OE-05 2.312OE+02 4.92~-G7
330& 8.4200E4 3.9810E+02 7.2M0E-08
~8 5.99~-o& 4.9010E+02 8. 27&0E-G7
U83 4.258OE4 :i. n7OE+02 1.078OE-oB
3789 3.595OE-o& 6.288OE+02 &.6010E-09
2&95 3.805OE-o& 6.923OE+02 O.OOOOEtOO
lOll 2.998OE-o& M510E+02 O.OOOOEtOO
195 2.089OE-o& 8.YlOE+02 O.OOOOEtOO
57 1.593OE-o& 1.309OE+03 O.OOOOEtOO

10
10
10
10
9
9
9
9
9
9

I.WOE-II
I. 4570E-13
2.&170E-15
5.3&9OE-13
7.3&&OE-11
4.358OE-11
O.OOOOEtOO
O.OOOOEtOO
o.OOOOEtOO
O.OOOOEtOO

7.9762E~ + OR - I. OnOE+05

•

•
f,

I
2 Lake iurface area eeahrs squared) used to calculate itratUII vol_ was 1.093OE+07

Depth eeiliured belOll transducer. Wlich aU I a f.... iurface•



Appendix Table 30. Hydroacoustic esti.ate of fish inhabiting Area 5, Kenai.lake, Alaska based on Transect 17 Inight surveyl integrator output. I
----------------------------------------------------------------------

DePth
2

Stratue Mean Nueber Standard N..ber Mean Fish Esti.ated Confidence
Strat.. Vol.. Sig.. Echoes Deviation A Integrator of Integrator Density Nueber of li.ih

1.1 111"31 Used Sig.a Constant Dutput Sequence. Variance 100./11"31 Fish Variance 195~1

-------------------------------------
2.0 - 7.0 5. 46JOE+07 1.0500E-05 177 1.0610E-05 2.455OE+02 3.354OE-07 II 7.1010E-14 8. 234CE-05 4. 4983E+03 I. 289OE+07 7.038OE+03
7.0 - 12.0 5.465OE+07 1.1I50E-05 1258 4.339OE-05 2.312OE+02 6.612OE-07 II 3. 3770E-13 1.529OE-04 8. 3554E+03 5. 477OE+07 I. 4510E+04

12.0 - 17.0 5. 465OE+07 6. 476OE-06 3306 B.4200E-06 3. 9810E+02 2.562OE-07 II 2. 5560E-14 1.020CE-04 5. 5746E+03 1.2120E+07 6. 82JOE+03
17.0 - 22.0 5.465OE+07 5. 2610E-06 4648 5.994OE-06 4.9010E+02 4.192OE-07 II 7.IIBOE-14 2.054CE-04 1.1226E+04 5.I09OE+07 1.4010E+04
22.0 - 27.0 5. 465OE+07 4.486OE-06 4383 4.258CE-06 5. 7470E+02 4.73OOE-oB II 2. 2370E-15 2. 71BOE-05 1.4856E+03 2.21l70E+06 2.9120E+03
27.0 - 32.0 5.465OE+07 4.1000E-06 3789 3.595OE-06 6.288OE+02 O.OOOOEtOO II O.OOOOE+OO O.OOOOEtOO O.OOOOEtOO O.OOOOE+OO O.OOOOE+OO
32.0 - 37.0 5. 465OE+07 3.724OE-06 2695 3.805OE-06 6.923OE+02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE+OO O.OOOOEtOO
37.0 - 42.0 5.465OE+07 3.46OOE-06 1011 2.998OE-06 7.4510E+02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
42.0 - 47.0 5. 465OE+07 2.9700E-06 195 2.089OE-06 B.6810E+02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
47.0 - 52.0 5.465OE+07 1.969OE-06 57 1.59JOE-06 1.309OE+03 o.OOOOEtOO II o.OOOOEtOO o.OOOCEtOO o.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

I TOTII. 5.4648E+08 3.114OE+04 + OR - 2. 2610E+04
-.0
0> - -------------
I

~ lake surface un I.ters squaredl used to calculate strlt.. vol.. iii. 1.093OE+07.
Depth .asured ..1011 transducer, lIhich lli5 I • froe .urfiCl!.
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• Appendix Table JI• Hydroacou.tic e.tisate of fish inhabiting Area 5, Kenii·lake, Alaika based on Transect 18 Inight iurveyl integrator output. 1
-------------------

DePth
e

stratue Mean Hueber Standard Nueber Mean Fish E.tisated Cor,tidence
stratue Vol... sigla Echoes Deviation A Integrator of Integrator Den.ity Nueber of lilib

lsI II'JI lJied sigea Constant Ikltput Sequence. Variance lna./s'J) Fish Varia•.ce (~5jl

-------- ------ -----------------------------
e.o - 7.0 5.~JOE+07 1.0500E-Q5 177 1.06UlE-Q5 2.~+Oe I. BJOOE-ll6 8 e.7J70E-le ~. ~~JOE-Q.\ 2.~~~E+0~ ~.9600E+08 ~.J65OE+0~

7.0 - le.o 5.~WE+07 1.1I5OE-Q5 1258 ~.JJ~-Q5 2. J12OE+Oe 1.5~-ll6 8 2.16JOE-le J.696OE-Q.\ 2.01!I5E+M J.502OE+08 J.668OE+0~

12.0 - 17.0 5.~WE+07 6.U6OE-(16 JJ06 8.~00E-(16 J.98IOE+Oe 1.516OE-ll6 8 1.1570E-1J 6. 0J:i0E-Q.\ 3.27JJE+M J.62eOE+08 J.73OOE+O~

17.0 - ee.o 5.J26OE+01 5. 2610E-(16 ~~ 5.!mOE-(16 ~.~10E+Oe 1.60JOE-01 8 2. 5700E-U 7.856OE-05 ~.IM5E+OJ I. 75e0E+07 8.eoJOE+OJ
ee.o - 21.0 5.232OE+07 ~.~-(16 ~J8J ~. 258QE-(16 5.7410E+Oe O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
27.0 - le.O 4.8810E+01 ~.1000E-(16 J18~ J.5~5OE-(16 6.288OE+Oe O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
le.O - J1.0 ~.~JOE+01 J.72WE-(16 2695 J.805OE-(16 6.~3OE+Oe O.OOOOE+OO 7 O.OOOOE+OO O.OOOOE+OO O.OOOOE+!lO O.OOOOE+OO O.OOOOE+OO
J1.0 - ~e.o J. ~120E+01 J.~-(16 1011 2.9%OE-06 1.~510E+Oe O.OOOOE+OO 6 o.OOOOE+OO o.OOOOE+OO o.OOOOE+OO o.OOOOE+OO O.OOOOE+OO
~.O - U.O J.6JJOE+01 2. 9100E-(16 195 2.08~-(16 8. 6810E+Oe O. ooiIoE+oo 5 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE.oG
U.O - 5e.O J.~J6OE+01 1.96~-(16 57 I. 59JOE-(16 1.3MOE+OJ O.OOOOE+OO 5 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE.oG

I ---------
" TOTAl ~. 712~+08 8.1651E+04 +Oll- 6. 86JOE+04'"I ---------------------I

2 lake .urface area (.tera squaredl used to calculate itratUII vol... 1Ii1 1.093OE+Ol
Depth .asured bel... traniducer, lIhich .... I s froe .urface•

•
i
~



Appendil Table Jl. Hydroacoustic esti...te of fish inhabiting Area 5, Kenai'lake, Alaska based on Transect 19 Inight surveyl integrator output. I
------- -------------------------------

DePth
2

strat.. Meln H...ber Standard H...... Mean Fish Esti.ated eonfidence
Strat.. Yol_ Sig... Echoes Deviation A Integrator of Integrator Density bller of li.ih

1.1 111"31 Used Si.... Constant Output Sequences Yariance lno.J1I"31 Fish Yariance 195~1

--------------
2.0 - 1.0 5. 454OE+Ol 1.05OOE-«i In 1.0610E-«i 2. 455OE+02 1,129OE-06 10 1.~-12 U45OE-04 2.3154E+04 2.349OE+08 3.0040E+Q.\
1.0 - 12.0 5.413OE+Ol I. 115OE-«i 1258 4. JJ90E-«i 2.312OE+02 1.63401:-06 10 9.1i9OOE-13 3.n9OE-04 2. Q.\51E+04 1.5Ii9OE+08 2. 455OE+O.

12.0 - 11.0 5.3li10E+Ol Ii. 'l1iOE-06 3306 8. 4200E-06 3. 9810E+02 2.315OE-06 10 M630E-12 9.454OE-04 5.0683E+04 1.123OE+09 6.5Ii9OE+O'
11.0 - 22.0 5.31401:+01 5. 2610E-06 41i'8 5.9940E-06 •• 9010E+02 1.0IBOE-06 10 2. 233OE-13 M8BOE-04 2.1i504E+04 1.511iOE+08 2••HOE+O.
22.0 - 21.0 5.209OE+Ol M8IiOE-06 U83 4.258OE-06 5.lH0E+02 1.28OOE-ol 10 1.112OE-14 1.358OE-«i 3. 8321E+03 1.05IOE+Ol Ii. 353OE+03
21.0 - Jl.O 4.825OE+Ol 4.1000E-06 3189 3.595OE-06 1i.288OE+02 1.802OE-oB 10 2.8010E-15 4.9OIiOE-«i 2.3Ii12E+03 2. 585OE+06 3.1510E+03
Jl.O - 31.0 3.38OOE+Ol 3.12401:-06 2695 3.805OE-06 Ii. 92JOE+02 O.OOOOE+OO 10 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
37.0 - 42.0 2. 2310E+Ol 3.4IiOOE-06 1011 2.998OE-06 1.'510E+02 2. Jl70E-ol Ii 5.4IJOE-I' I. 7340E-04 3.IIIilI5E+03 1.'98OE+Ol 7. 585OE+03
42.0 - 'l.O 5.1060E+06 2.9100E-06 195 2.089OE-06 8.1i810E+02 O.OOOOE+OO 4 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
'l.O - 52.0 O.OOOOE+OO 1.9li9OE-06 57 I. 593OE-06 1.309OE+03 O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO

I -----
co

TOTAl 3. 71i98E+08 1.J087E+05 + Oft - 8. 0Ii9OE+Q.\0
I -------I

2 lake surface AI'tIa I.t... lIIuaredl used to calculate strat... vol_ illS 1.093OE+Ol
Depth .as..eeI belOtl transducer, lIhich illS I • fl'Clll lurface.
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Ao!Jllldix Table 33. HydroIcousiit: miMie of the 1IWIIII!r' of fisl1 pr 1000 square lilt'" in Skilak Lake, Alaska,
llt:toilll' 1986.

Desity Esiiate and
Integr'atCll' Output ~ ConfidllllCll Intll'Yal

TrlMEi 5equ.!'a~ IlHn SMpl. stillUrd A IlHn Standard LDIIIII' UIlll8l'
NuIIIIr ~ NuIilIII' Output Variant:ll Size llII'Iiaiilll Consiant l!tIIl5ity llII'Iiaiilll Bound Bound

I 51-53 2.~ 1.6560£-09 3 4.06~ 3.0&-+02 7 13 -18 32
2 46-50 r..97~ 7.954GE-07 5 8.91a:lE~ 3.0&-+02 215 275 -335 765 ~

3 41~ Ml00E-oJ 1.9680H6 5 1.W9E-03 3.0&-+02 1360 433 495 2226
4 36-\0 3.~ 2.8'32lE-oa 5 1.7006E~ 3.0&-+02 lOS 52 0 210
5 31-35 2.~ r..265OE~ 5 7.9152£-05 3.0&-+02 78 24 29 127
6 26-30 2.8030H4 5.958lE~ 5 7.7188E-05 3.0&0102 86 24 39 134
7 21-25 4.02~ 1.~ 5 1.3244E~ 3.0&0102 124 41 42 206
8 IHO 4.!l96OH4 1.0660E-07 5 3.~ 3.0&0102 134 101 -47 356
9 11-15 2.~ 2.0090E~ 5 1.4174E-03 3.0&0102 737 437 -138 1611

10 6-10 6.~ 8.~-07 5 8.~~ 3.0&0102 197 276 -355 749
11 1-5 I.~ 4.I27CE-oa 5 2. 0315E-O-\ 3. 0a:lEi02 42 63 -83 167

2 1 1-5 I.~ 3.4~ 5 5.8737E-05 2. 72CEi02 53 16 21 85
2 6-10 1.~ 2.842CE~ 5 5.331CE-05 2. 72OEIC2 53 IS 24 82
3 11-15 3.~ 2.267CE-G8 5 1.5057E-04 2.72CE+02 91 41 9 173
4 IHO 2.~ 1.326CE-G8 5 I. 1515E-O-\ 2.72CEi02 56 31 -7 119
5 21-25 2.~ 1.277CE-07 5 3.5735E-O-\ 2. 72CEi02 80 97 -115 274
6 26-30 1.123CE-03 3.4360H6 5 1.8536E-oJ 2.WJEi02 305 504 -703 1314
7 31-35 8.~ 3.6700E-07 5 6.0581E~ 2. 72CE+02 233 165 -97 562
8 36-\0 7.:MlI0£-04 4.~ 5 r..8132E~ 2.720Ei02 204 185 -167 575 :.
9 41-\5 2.224CE-03 8.725CE-07 5 9.34Of£~ 2.72CEi02 605 254 97 ·1113

10 46-50 2.H6OE-oJ 1.821CE~ 5 1.3494E-03 2.720Ei02 584 367 -150 1318
11 51-55 8.5570£-04 1.4910E-06 5 1.2211E-03 2.72CEi02 233 332 -432 897

3 I 51-56 2.~ 2.194OE-oa 6 1.481l!E~ 3.626Ei02 76 34 -32 183
2 46-50 3.S030E-04 I.I060E-08 5 I.OSI7E~ 3.626Ei02 127 38 51 203 t
3 41~ 3.~ 2.835CE-oa 5 1.6837E~ 3.626Ei02 118 61 -4 240
4 36-\0 3.9200E-04 4.235CE~ 5 r.. :Ml77E-05 3.626Ei02 142 24 9S 189
5 31-35 1.~ 1.926CE-oa 5 1.3878E~ 3.626Ei02 69 50 -32 169
6 26-30 8.0610£-04 1.0200E~7 5 3.1937E~ 3.626Ei02 292 116 61 524
7 21-25 6. 39IlC£-04 9.862CE-09 5 9.93OIlE-05 3.626E+02 232 36 160 304
8 lHO 6.4870E-04 9.~ 5 3.0597E~ 3.626E+02 235 III 13 457
9 11-15 6. 726OE-04 5.0020E-09 5 7.07l5-O5 3.626Ei02 244 26 193 295

10 6-10 5.3130£-04 9.957CE~ 5 9.97a:lE-05 3.626E+02 193 36 120 265
11 1-5 6.828OE~ 4. 419CE-oa 5 2.1021E~ 3.626Ei02 248 76 95 400

ConiillUlld :.

-81-
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~ix Tablt 33, contilldll. llyIlI"oKoustic: lS1:iutl of the nuEtr of fish pi\" 1000 IqlW'l! leters in Skilak Lake,
Ilc:tolltrI 1986.

Density Estilate and
InttgratOl' Output 95S Ccmfiderx:e Intll'Val

Tl"tI'lIIl:t: StqutN:e Stq_ IlHn _It standard A IlHn standard looItr lIppeI'
Nuar' 8rouII NuIIiItI' Output YlI'i_ Size llwiatiOll Constant Density llIviatiOll Bound Bound

I 1-5 L06IICE~ 3.000lE-G9 5 5.4772E-05 4,525EtQ2 'S1 25 -13 sr.
2 6-10 1.l21~ 4.069((-09 5 6.~ 4.525Ei02 51 29 -7 lC8
3 11-15 1.2660E-04 5.983CE-G9 5 7.73:i0H5 4.mi02 ST 35 -13 IV
4 lHO 2.075lE-04 I.~ 5 1.1234£-04 4.mi02 'J4 51 -8 1'36
5 21-£5 3.15llOE-04 6.186OE~ 5 2. 4I72E-04 4.525Ei02 143 113 -82 368
6 26-30 4.61~-04 1.~ :I l.mlE-04 4.525Ei02 209 63 83 33S
7 31-35 7.2J70E-04 4.~-o& 5 2.089lE-04 4.525Ei02 3Z7 95 138 517
8 36-40 5.51~ 2.7530E-08 5 L6592E-04 4.525Ei02 250 75 99 400
9 41-42 7.~ 1.1460H6 2 1.0705E-03 4.525Ei02 355 484 -614 1324

5 I 26-21 3.~ 5.862OE-o& 3 2.4212E-04 4.74OEi02 163 115 -67 3'32
2 21-£5 1.6021£-04 5.082CE-0'3 5 7.1288E-05 4.74OEi02 76 34 8 144
3 lHO 2.471~ 1.4'36IE-o& :I 1.2231E-04 4.74<E+02 117 58 I 233
4 11-15 3.229OE-04 3.~ 5 1.8995E-04 4.74<E+02 153 !lO -27 333
5 6-10 1.81~ 2.6880H'3 5 5.1MliE-05 4.74OEi02 sr. 25 :fI 135
6 1-5 1.321~ 8.815CE-G9 5 '1.3888E-05 4.74OEi02 63 45 -26 152

6 I 1-5 l.~ 4.307IE-G9 :I 6.5628E-05 3.'J41E+Q2 58 26 7 110
2 6-10 1.~-04 7.5800E-0'3 5 B. 7063E-05 3.'J4IEi02 71 34 3 140
3 11-15 l.~ I. '348OE-o& 5 1.3'357E-04 3. 'J4IEi02 64 55 -.\6 174
4 lHO 1.973IE-04 1.0330E-C8 5 1.0164E-04 3.'J41Ei02 78 40 -2 158
5 21-£5 2.417CE-04 1.SSlCE-G9 5 3. 'J4Ol!E-05 3. 'J41Ei02 95 16 64 126
6 26-21 1.8760E-04 4.074OE-o& 3 2.0184E-04 3.'J4IEi02 74 80 -85 233

-82-



Aaaendix Tible 34. IlydrOlCausiic IlSti_e of ihe ___ of fisll JIll" 1000 sau... metl!l"5 in K_i Like, RlisKa,
Se!It...... 1'3lI6.

1::)
Density Esiiuie and

Inilgl'HOI' DuillUt 9510 Confidl!flCl Iniel'Yil

Tl'il'lllll:t Sea_ SIq_ IIHIl SUple Standii'd R i'IHn standii'd L-.. lJpaer
tuiIer ilroulI NlIIIbtr ()ri;DUt V;riillCl Size lleviitiOll Conshni Densiiy Jleyiition Bound Bound

19 1 6-10 ~4746E~ 4.691E~ 5 6.M9lE~ 4.~l! ~ 30 -rl as
2 1-5 1.0164E-OS 1. 6714E-l0 5 1.292SE-OS 4.4S2E~ 5 6 -7 16

18 1 1-5 3.Jli6(£~ l.rllE~ 5 J,703E~ 2.87~ 10 11 -12 31
2 6-10 0.00lKE+00 0. OOOlE-lOO 5 0. OOOlE-lOO 2.876E~ 0 0 0 0 l)

17 1 6-11 9. -\061£-06 1.8011E-l0 5 1.3421~ 7.04(IE~ 7 9 -12 26
2 1-5 6.~ 8.2793E-ll 5 9.0991E-06 7.~ 5 6 -a 17

16 1 1-5 2.9807E~ 3. 8237E-1l9 5 6.1836E~ 4.15BE~ 12 26 -39 64
2 6-10 1.093~ ~29S7E-IO 5 2.301~ 4.15BE~ 5 10 -15 24

16A 1 31-3:5 2.5904E-06 4. 727E-12 5 i!. 1801E-06 4.375E+02 1 1 -1 3
2 26-30 9.al~ 6. 947OE-1l9 5 8.334~ 4.J7:IE~ 43 36 -30 116
3 21-CS I. 043:5E-1I4 9. 59:l6E-1l9 5 9.~ 4.J7:IE~ 46 43 -40 131
4 lHO 4.~ 2.4943E-09 5 4.~ 4.J7:IE~ 20 22 -23 64
5 11-15 3.2207E-«5 6.25£-10 5 2.6317E~ 4.375E+02 14 12 . .., rl
6 6-10 1.8!9C£-<15 1.101JE-09 5 J. 3111eE-o:l 4. 375EoIOl! 8 IS -ill OF
7 1-5 4.:i24<£~ 4. 8777E-1l9 5 6. 9M1£-oll 4.375E+02 20 31 -41 81

15 1 1-5 ~1~ 1.4641E-1l9 5 3.8264E-(5 4.801£~ 25 18 -12 62
2 6-11 2.93OOE~ 1.0641£:.09 6 J,2&21E~ 4.801E~ 14 16 -17 45

•1511 1 21-27 s.~ 2. 4331E-1l9 7 4.9~ 5.247E~ 28 26 -il4 80
2 IHO 4.887:E-06 1.788CE-ll 5 4.22&-06 5.24~ 3 2 -2 7
3 11-15 1.25O:IE-Gll 1.5140£-10 5 I.~ S.247E~ 7 6 -6 19
4 6-10 1.74W:~ 7.0934E-IO 5 2.663JE~ 5.24~ 9 14 -19 rl
5 1-5 4.731:lE~ 6. 3:584E-09 5 7.974CE~ 5.247E~ 25 42 -59 109

14 1 1-5 1.I3:llE-1I4 7.2967E~ 5 a. 5421E-oll 5.163E+G!- 59 44 -30 147
2 6-10 1.113lE-1I4 1.9S16E-1l9 5 4.4177E~ 5.163E+02 57 23 12 103
3 11-15 1.776~ 1.6233E-08 5 I. 2741E-04 5.1~ 92 66 -40 223

14R 1 21~ l.llCl34E-04 1.7578E-08 4 1.3258E-04 4.865E~ 88 65 -41 217
2 l6-eO 1.1!ll!llE-1l4 1.7392E~ 5 4.1704E-05 4.86:lE+02 58 20 17 99
3 11-15 2. 763:lE-04 1.80S8E-08 5 1.3438E-04 4.865E~ 134 65 4 265
4 6-10 1.5:lOE-04 4.743&E-1l9 5 6.887~-oll 4.~ 7S 34 8 142
5 1-5 3.2431E-04 S.41~ 5 2.JmE-04 4.865E~ 158 113 -69 3M

13 I 1-5 2.296IE-04 1.799:lE~ 5 1.341:lE-04 5.8S2E+<l2 134 79 -23 291
2 6-10 2.27'32£-04 3. 4309E-1l9 5 5.8574E-oll S.852E~ 133 34 65 202 ..
3 11-15 2.0781£-04 2.768JE~ 5 1.6638E-04 5.852E~ 122 97 -73 316

Continued
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AvtIendix Tlble 34, contillUld. HydroiI:oustic titillate of thelllllbtr of fisll pi!' 1000 sqIW'I _1!1'5 i~ KlIliIi Lake,
Stptear, 19116.

Density Estillate and
IMtgI'atlll" Output 95S Confidellct IMlI"Ill

TrUllllCt SIq_ StqUlllCl! IlNn _Ie Standii'd A IlNn StandII'd L_ \l!JllII'
NutIbm' 6roulI NuaI' IlItDUt VrilllCl Size lltviatiOll COIlstiM Density Iltviltian Iloulld Iloulld

1311 I 16-21 I.~~ I. 74O:lE-08 6 1.31~ 5.047E+G! 7D 67 -57 209
2 11-15 1.230CE-04 Lr.5E-09 5 9.3035E-05 5.047EiG! D2 47 -32 156
3 6-10 7.9751E~ 2.ODI1H9 5 4.539'lH5 5.047EiG! 40 23 -6 Bli
4 Hi 1.23211H4 1.67~ 5 1.293'3E~ 5.047Ei02 D2 D5 -68 193

12 I 1-5 I.ll~ 1.0341E-G8 5 1.0169E~ 5.l!94Ei«! 59 54 ~9 167
2 6-10 1.71~ 3.7209H9 5 6. 0999E-05 5. a94E-+02 91 32 2r. 155
3 11-15 9.1~ L717E-o!l 5 9.3366£-05 5.2'34E-+02 48 49 -50 147

1211 I 2&-2ll 7.92311E-a5 4. 7'J21E-o!l 3 6.9225E-05 5.221Ei02 41 3D -31 114
2 21-25 7.4Sl2E-05 2. 629lE-o!l 5 5. 12711E-05 50221E+<2 39 27 -IS 92
3 lHO 1.~ 4. 745JE-o!l 5 6.8885E-05 5022IE-+02 54 3D -18 -I2£>
4 11-15 7.D~ 1.79!l!lE-o!l 5 4. 2421E-05 5.221Ei02 40 22 ~ 84
5 6-10 1.125!E-G4 3.23BliE-o!l 5 5. 6909E-05 5.221Ei02 59 30 -I 118
6 1-5 2.0li92E-04 3.1732E-G8 5 I. 7813E-G4 5.221E+<2 lOB 93 -78 294

11 1 1-5 I.~ 4.9437E-o!l 5 7.03UE-05 50947Ei02 D3 42 -21 147
2 6-10 6.~ 7.21122E-IO - 5 2. 698r.E-05 50947EiG! 38 16 6 70
3 11-12 7.0I22E-05 6.0783E-IO 2 2.4654E-05 50947E-+02 42 15 13 71

ItA I 21-25 4.S493E-G4 1.996~ 5 1.413lE-G4 50172E'+02 235 73 89 381
2 lHO 7.7324E-05 4.2253H9 5 6.5002E-05 5017l!E-+02 40 34 -27 107
3 11-15 1.8621E-G4 3. 018JE-o!l 5 504939E-05 5017l!E-+02 '3li 28 39 153
4 6-10 1.~ 1.4!77E-08 5 1.223lIE-G4 5017l!E-+02 91 D3 -3D 217
5 1-5 4.6788E-05 1.3249E-G8 5 1.1510E-G4 5.172E+G! 24 60 -95 143

10 I 1-5 2.11512E-G4 9.3777E-o!l 5 9.6839E-05 50123E-+02 146 50 47 245
·2 6-10 B.469lE-G4 4.8935E~ 5 2. 2121E-G4 5ol23E+a! 434 113 207 661
3 11-15 9.2905E-G4 3.3883E-08 5 1.8407E-G4 5.123E-+02 476 94 287 6D5
4 IHO 509921E~ 2.ll581Eo07 5 503461E-G4 5.1~ 307 274 -241 855

lOA I 21-22 2.4709E-G4 1.1l345E-08 2 1.354'IE-G4 50203ElCe 129 70 -12 270
2 lHO 4. 9313E-G4 1.8345E-G8 5 1.354'IE-G4 5.203ElCe ~ 70 116 398
3 11-15 506857E-G4 3.2342E-o!l 5 506870E-05 50203ElCe 296 30 'at J55
4 6-10 2. 7357E-G4 2.6'3li9E~ 5 1.6422E-G4 50203E+02 142 85 -29 313
5 1-5 1.5\29E-G4 2. 45'3liE-o!l 5 4.9594E-05 5.2OJE-+02 81 2£> 29 132

9 I 1-5 2.3lJliE-G4 1.D376E~ 5 1.2797E-G4 50047E+02 116 D5 -13 245
2 6-10 2.0848E-G4 1.6145E-G8 5 1.2706E-04 50047E+02 105 64 -23 23J
3 11-15 2. 7603E-G4 6. 5877E-o!l 5 B.1165E-05 50047E+02 139 41 57 221

CantillUld
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~ix Tab1_ 34, c:ontilNld. Hydroicoustic: esiint_ of th_ I'lUIIiIr of fi511 pr 1000 sq__ .t1!l"S in Kenai Lak_,
s.,n...., 1986.

!leftsity Estiut_ and <'~

IntegratOl" Output ~ Confidenc:e Intl!l'Ya1

Tl'msBCt Sea_ Seq_ lINn _1_ Standard A lINn Standard L.oooer Uppr
ttlJIbr 6rouII bbIl' Outaut YariaJll:ll Siz_ DlI¥iatiOll COllliint !leftsity !lII'Iiation lloIIIld Boulld

.'t
9A I 21-23 a.7342E~ 5.4911£-09 3 7.41~ 4.46BE+fe 39 33 -CT 105

2 16-20 I.~ 3. 3OSllE-09 5 5.7~ 4.46E+02 67 26 15 118
3 11-15 9.0975;~ 6.1671£-09 5 7.8531H5 4.46lE+02 41 35 -30 111
4 6-10 2. 1114:£-04 3.8711H8 5 1.96~-G4 4.468E+02 98 88 -78 2T3
5 1-5 3. 951:E-G4 2.502lE-G8 5 1.582CE-G4 4.46llE+02 177 71 35 318

l:)

8 1 1-5 6.5iSI£-G4 2.1084E-07 5 4.5917E-04 3.306E+02 217 152 -(37 521
2 6-7 5.zm!-G4 4. li!09E-07 2 6. 419*:-G4 3.306C+02 173 212 -<51 597

7 1 1-5 1.5lI53H4 1.97!7E-os 5 1.407~-G4 4.622E+02 73 65 -'Sl 203
2 6-10 1.~ 3.751£-09 5 6.1287E~ 4.622E+<e 65 28 8 121
3 11-15 5.7'!l7He 1.9519E-09 5 4.418CE~ 4.622Ei02 27 20 -14 68
4 16-20 5.7167E-G4 3.3821£-07 5 5. 8156E-G4 4.622E+<e 264 269 -273 802

6 2 1-5 5.931~ 3.31~10 5 1.8214H5 4. 61:lE+02 27 8 11 44
1 6-10 5.0317E~ 2.J4J:E-09 5 4.8408E~ 4.61:lE+02 23 22 -21 68

•

•
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Appendh Table 35. HydroacousUc esUute of fish imabiUng Area I, Kenai'lake, Alaska based on Transect 6 Iday surveyl integrator output. I

-----------------------
Depth2 Strat.. Mean Nueber Standard Hueber Mean Fish ElUuted Confide'",e

Strat.. Vol... Sigea Echoes DeviaUon A Integrator of Integrator Density NulIher of liens
lei 18"31 Used Sigea Constant Output Sequences Variance lno./8"31 Fish VarianeR 195~1

-----------------------------------
2.0 - 7.0 3. 8520E+07 5.5870E-Il6 222 4. n3OE-Il6 4.615OE+02 O.OOOOEtOO 7 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00 0.0000E+00
7.0 - 12.0 3. 756OE+07 5. 5870E-Il6 222 4. n3OE-Il6 4.615OE+02 O.OOOOEtOO 7 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00

12.0 - 17.0 3. 48gO£+07 5.5870E-Il6 222 4. n3OE-Il6 4.615OE+02 2.012OE-06 7 4.0050E-12 9.286OE-04 3. 23'J7Et04 1.042OE+09 6.325OE+04
11.0 - 22.0 2.998OE+07 5.5870E-Il6 222 4.173OE-Il6 4.615OE+02 5.483OE-oB 7 3.0060E-15 2.53O!lE-05 7.5863E+02 5. 7740Et05 I. 489OE+03
22.0 - 27.0 2.338OE+07 5. 5870E-Il6 222 4.173OE-Il6 4.615OE+02 o.OOOOEtOO 6 o.OOOOE+oo o.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O. OOOOEtOO
27.0 - 32.0 7.173OEt06 5. 5870E-oli 222 4. 773OE-Il6 4.615OE+02 O.OOOOEtOO 4 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00 0.0000E+00
32.0 - 37.0 O.OOOOEtOO 5.5870E-Il6 222 4. n3OE-Il6 4.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00 O.OOOOE+OO
37.0 - 42.0 O.OOOOEtOO 5.5870E-Il6 222 4. n3OE-Il6 4.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00 O.OOOOEtOO
42.0 - 47.0 O.OOOOEtOO 5.5870E-Il6 222 4. n3OE-Il6 4.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO 0.0000E+00 0.0000E+00 O.OOOOEtOO
47.0 - 52.0 O.OOOOEtOO 5.5870E-oli 222 4.773OE-Il6 '.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
52.0 - 51.0 O.OOOOEtOO 5.5870E-Il6 222 •• n3OE-Il6 '.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00 O.OOOOE+OO

I
51.0 - 62.0 O.OOOOEtOO 5.5870E-Il6 222 •• n3OE-Il6 '.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00 O.OOOOEtOOco

a> 62.0 - 67.0 O.OOOOEtOO 5.5870E-Il6 222 •• n3OE-Il6 '.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE+OOI

67.0 - 72.0 O.OOOOEtOO 5. 5870E-oli 222 •• n3OE-Il6 '.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOE+OO O.OOOOEtOO O.OOOOEtOO O.OOOOE+OO
72.0 - n.o O.OOOOEtOO 5.5870E-Il6 222 •• n3OE-Il6 '.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOE+OO 0.0000E+00 0.0000E+00 O.OOOOEtOO
77,0 - 82.0 o.OOOOEtOO 5. 5870E-oli 222 •• n3OE-Il6 U15OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO o.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
82.0 - 87.0 0.0000E+00 5.5870E-Il6 222 •• n3OE-Il6 '.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOE+OO O.OOOOEtOO O.OOOOE+OO
87.0 - 92.0 O.OOOOEtOO 5.5870E-Il6 222 '.773OE-Il6 '.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOE+OO O.OOOOEtOO O.OOOOEtOO
92.0 - 97.0 0.0000E+00 5.5870E-Il6 222 •• n3OE-Il6 '.615OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOE+OO 0.0000E+00 0.0000E+00 O.OOOOE+OO

----------------------------
TOTAl 1.715OE+08 3.3156E+04 + OR - 6. 3270E+0'

--------- ---------
~ like surface area I..t... squared) used to calculate strat.. vol......s 7.72OOEt06.

Depth leasured belllll transducer, ""1m ...s 1 e frue surface.



Appendi. Table 36. Hydroacouslic eslillile of fish imabiling Area I, Kenai ,lake, Alaska'ba..d on Tra.oseet 8 Iday surveyl integrator oulpul. I
--------------------- --------------------------------------------------

DePlh
2

Slral.. Mean N..ber Standard Nwaber Mean Fish EsliMated Confide.",e
Slral.. Vol... Sign Echoei Devialion A Inlegrator of Inlegralor Density Nwober of li.its

1.1 I.A31 Used SigMa Conslant Output ~uencei Variance (no./.A 31 Fish Variar.ce 195"1
---------------- ---------- ------------------------------------------

2.0 - 7.0 3. 6900E+07 7. 798OE-06 :149 2.288OE-05 3.J06OE+02 2.762OE-05 5 3. 468OE-IO 9. I320E-il3 3. 3701Et05 5. 3410E+IO 4.5JOOEt05
7.0 - 12.0 3. 376OEt07 7.798OE-i16 :149 2.288OE-05 3.J06OE+02 I. 9270E-i15 5 1.389OE-IO 6. 3720E-il3 2.1511Et05 1.80JOE+IO 2.6J2OEt05

12.0 - 17.0 2.815OE+07 7.798OE-i16 :149 2. 2880E-05 3.J06OE+02 7.319OE-i16 5 2.2IJOE-II 2. 42OOE-il3 6.8122E+04 I. 9900E+09 8. 74JOE+04
17.0 - 22.0 2. 0100Et07 7.798OE-i16 :149 2. 2880E-i15 3.J06OE+02 7.116OE-i16 4 4.1570E-II 2. 372OE-il3 4.7688Et04 1.8710E+09 8.479OEt04
22.0 - 27.0 9.122OEt06 7.798OE-i16 :149 2.288OE-i15 3.J06OE+02 4.194OE-i18 3 1.759OE-15 I. 3870E-i15 1.2648E+02 1.625OEt04 2. 498OE+02
27.0 - 32.0 O.OOOOEtOO 7.798OE-i16 :149 2.288OE-i15 3.J06OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00
32.0 - 37.0 O.OOOOEtOO 7.798OE-i16 :149 2. 2880E-i15 3.J06OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
37.0 - 42.0 O.OOOOEtOO 7.798OE-i16 :149 2. 2880E-i15 3.J06OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
42.0 - 47.0 O.OOOOEtOO 7.798OE-i16 :149 2.288OE-i15 3.J06OE+02 OoOOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00 O.OOOOEtOO
47.0 - 52.0 O.OOOOEtOO 7.798OE-i16 :149 2.288OE-i15 3.J06OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
52.0 - 57.0 O.OOOOEtOO 7.798OE-i16 :149 2.288OE-i15 3.J06OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00 O.OOOOEtOO

I 57.0 - 62.0 O.OOOOEtOO 7.798OE-i16 549 2.288OE-i15 3.J06OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE+OOex>..... 62.0 - 67.0 O.OOOOEtOO 7.798OE-i16 :149 2.288OE-i15 3.306OE+02 O.OOOOEtOO 0 1.0000E+00 O.OOOOEtOO O.OOOOEtOO 0.0000E+00 O.OOOOEtOOI

67.0 - 72.0 O.OOOOEtOO 7.798OE-i16 549 2.288OE-i15 3.J06OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE+OO
72.0 - 77.0 O.OOOOEtOO 7.798OE-i16 :149 2.288OE-i15 3.J06OE+02 O.OOOOEtOO 0 1.00000tOO O.OOOOEtOO O.OOOOEtOO 0.0000E+00 O.OOOOEtOO
77.0 - 82.0 O.OOOOEtOO 7.798OE-i16 549 2.288OE-i15 3.J06OE+02 O.OOOOEtOO 0 I.OOOOE+OO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE+OO
82.0 - 87.0 O.OOOOEtOO 7.798OE-i16 :149 2.288OE-i15 3.J06OE+02 O.OOOOEtOO 0 I.OOOOE+OO O.OOOOEtOO 0.0000E+00 0.0000E+00 0.0000E+00
87.0 - 92.0 O.OOOOEtOO 7.798OE-i16 :149 2. 288OE-i15 3.J06OE+02 O.OOOOEtOO 0 I.OOOOE+OO O.OOOOEtOO O.OOOOE+OO O.OOOOE+OO O.OOOOEtOO
92.0 - 97.0 OoOOOOEtOO 7.798OE-i16 :149 2. 2880E-i15 3.J06OE+02 9-0000EtOO 0 I.OOOOE+OO OoOOOOEtOO O.OOOOEtOO 000000E+00 O. OOOOE+OO

---------------- ------------------------------
TOTAl 1.2803EtOB 6.6806E+05 + oR- 5. 378OE+05

j-- -------------- ---------------------------- -------------------
2 lake iurface area C..Iers squaredl used to calculale ilrat.. vol... llai 7. 72OOEt06.

Deplh ..asured belClll transducer, lIhich liaS I • frOll iurface•

• •



Strat..
Vol...

(11"3)

APIII!ndix Table 37. Hydroacoustic estieate of fish inhabiting Area 2, Kenai Lake, Alaska based on Transect 9 (day surveyl integrator output. I-.1_________________ _ _
Mean Nwober Standard NUIIber Mean Filii Estieated Confidence
Sigea Echoes Deviation A Integrator of Integrator Density Naber of Lieits

Used Slg.. Constant Output Sequences Variance (no. 111"31 Fish Variance (95~l

---------------------- ,-------------------------------------

I
00
00
I

2.0 - 7.0 5. 92-\OEt07 5.IOSOE-06
7.0 - 12.0 5.75OOEt07 S.IOSOE-06

12.0 - 17.0 S.353OEt07 5.IOSOE-06
17.0 - 22. 0 U99OEt07 5. IOSOE-06
22.0 - 27.0 UI2OEt07 5.IOSOE-06
27.0 - 32.0 3.929OEt07 S.IOSOE-06
32.0 - 37.0 3.8OOOEt07 S.IOSOE-06
37.0 - 42.0 U~OEt07 5.1080E-06
42.0 - 47.0 3.~9OEt07 5.IOSOE-06
47.0 - 52.0 3. 44BOEt07 S.I08OE-06
52.0 - 57.0 3.399OEt07 S.IOSOE-06
57.0 - 62.0 3. 379OEt07 S.I08OE-06
62.0 - 67.0 3. 23-\OEt07 5.IOSOE-06
67.0 - 72.0 3.I04OEt07 S.I08OE-06
72.0 - 77.0 3.032OEt07 501OSOE-06
77.0 - 82.0 2. 938OEt07 5.1080E-06
82.0 - 87.0 2. 6290Et07 5.IOBOE-06
87.0 - 92.0 2.2100Et07 5.1080E-06
92.0 - 97.0 2.069OEt06 5.IOSOE-06

1172 5.205OE-06 5. 0470Et02 3. 7210E-06
1172 5.205OE-06 5.0470Et02 2.358OE-06
1172 5.205OE-06 5.0470Et02 3.50-\OE-D7
1172 50205OE-06 5.0470Et02 2.0170E-oB
1172 50205OE-06 5.0470Et02 3.657OE-oB
1172 5.205OE-06 5.0470Et02 I.2TIOE-D7
1172 5.205OE-06 5.0470Et02 2.815OE-oB
1172 5.205OE-06 5.0470Et02 O.OOOOEtOO
1172 5.205OE-06 500470Et02 1.182OE-D7
1172 5.205OE-06 S.0470Et02 7.626OE-oB
1172 5.205OE-06 5.0470Et02 O.OOOOEHIO
1172 5.205OE-06 500470Et02 1.4910E-D9
1172 5.205OE-06 500470Et02 O.OOOOEtOO
1172 5.2050E-06 5.0470Et02 O.OOOOEtOO
1172 5. 2050E-06 5. 0470Et02 1.0910E-D9
1172 5.205OE-06 S.0470Et02 1.7570E-10
1172 5.205OE-06 5.0470Et02 3.0810E-10
1172 5.2050E-06 S.0470Et02 O.OOOOEtOO
1172 5. 205OE-06 5.0470Et02 O. OOOOEtOO

12
12
12
10
9
9
8
8

••
8
8
8
7
7
7
6
5
5

1.1060E-1I
5. 3710E-12
3.7080E-14
4.069OE-16
1.1~0E-15

5.56-\OE-IS
2.8IBOE-16
O.OOOOEtOO
I. 3510E-14
5.6220E-15
O.OOOOEtOO
2. 222OE-18
O.OOOOEtOO
O.OOOOEtOO
1.1910E-18
3.0860E-20
9. 495OE-20
O.OOOOEtOO
O.OOOOEtOO

1.871OE-D3 1.1127Et05 9.898OEt09 1.95OOEt05
1.19OOE-D3 6.845OEt04 4.529OEt09 1.319OEt05
1.769OE-D4 9.4683Et03 2.715OEt07 1.02IOEt04
1.011OE-D5 4.784IEt02 2. 2910Et05 9. 3810Et02
1.146OE-D5 7. TI45Et02 5.22-\OEt05 1.4170Et03
6.4440E-D5 2.53IIEt03 2.193OEt06 2.903OEt03
1.4210E-DS 5.3996Et02 1.039OEt05 6.3IBOEt02
O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
5. '368OE-DS 2.1181Et03 4.3400Et06 4.083OEt03
3.849OE-DS 1.3270Et03 1.7040Et06 2.559OEt03
O.OOOOE-tOO O.OOOOE-tOO O.OOOOEtOO O.OOOOEtOO
7.525OE-D7 2.~26EtOl 6.4710Et02 4.986OEtOl
O. OOOOEtOO O. OOOOEtOO O. OOOOEtOO O. OOOOEtOO
O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
5. 5080E-D7 1.6701EtOl 2.792OEt02 3. 275OEtOi
8.866OE-D8 2.6046EtOO 6. 79OOEtOO 5.1070EtOO
1.555OE-D7 4.0882EtOO I. 673OEtOI 8.016OEtOO
O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

TOTAL 6. 8450Et08 1.970IEt05 t OR - 2. 3570Et05

i------------- --------------------------------------------------------------
2 Lake surface area C..ters squared) used to calculate strata vol... Nas 1.1910EtOB.

Depth ..asured balON transducer, lIhich MIS I e frOli surface.
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Apper,dix Table J8. Hydroacoustic esti.ate of fish inhabiti_g Area 2, Kenai.Lake, Alaska based on Transect 10 (day survey1 integrator output. I
~ ----------------------------------------------------------------------------------------------

Depth
2

Strat ... Mean NllIIber Staodard Nuaber Mean Fish EsU.ated Confidence
Stratua Vol.... Sig.a Echoes Deviation A Integrator of Integrator Density Nualler of Li.as

(.) (.AJ) Used Sigoa Constant Output Sequer"",s Variance (oo.'I'JI Fish Variar"'" (951'1

--------------------------------------- ---------------------
2.0 - 7.0 5. 929OEt07 5.0JJ0E-06 J22'.l 5.125OE-06 5.12JOEt02 2. 29SOE-D7 IJ 2.856OE-1~ l.mOE~ 6.9195EtOJ 2.6J6OEt07 1.0000EtOlt
7.0 - 12.0 5. 9200Et07 5.0JJOE-06 J22'.l 5.125OE-06 5.12JOEt02 1.359OE-06 IJ 7.~~-IJ 6.9610E~ ~.I205EtM 7.J08OEt08 5.298OE~

12.0 - 17.0 5. 784OEt07 5.0JJ0E-D6 3229 5. 125OE-06 5. 12JOEt02 J. J960E-06 IJ 6. 23JOE-12 1.7~-D3 1.006~Et05 5.U5OEt09 1.~5OOEt05

17.0 - 22.0 5.6570Et07 5. OJJOE-06 J22'.l 5.125OE-06 5.12JOEt02 J.372OE-D6 13 1.129OE-1I 1.7270E-D3 9.7118Et~ 9.~810Et09 1.908OEt05
22.0 - 27.0 5.566OEt01 5.03JOE-06 J22'.l 5. 125OE-06 5.12JOEt02 6.329OE-D9 13 2.7060E-17 J. 2~20E-06 1.~5Et02 2.2010EtO't 2.908OEt02
27.0 - 32.0 5. ~82OEt07 5.03JOE-D6 J22'.l 5. 125OE-06 5.12JOEt02 2.01JOE-D7 12 3.~0E-1~ I.OJIOE~ 5. 6527Et03 3.1210Et07 1.096OEt~

32.0 - 37.0 5. 38JOEt07 5.0JJOE-06 3229 5. 125OE-06 5.12JOEt02 6.032OE-DB 12 1.3ISOE-15 3.0900E-D5 1.66JIEt03 I.OOJOEt06 I. 96JOEt03
37.0 - ~2.0 5. J070Et07 5.0JJOE-Oli 3229 5.125OE-06 5.12JOEt02 5.826OE-D8 12 2.9nOE-15 2.985OE-D5 1.5MOEt03 2.2010Et06 2.908OEt03
~2.0 - ~7.0 5.224OEt07 5.03JOE-D6 3229 5. 125OE-06 5. 12JOEt02 O.OOOOEtOO 12 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
~7.0 - 52.0 5.1270Et07 5.0JJOE-06 3229 5.125OE-06 5.12JOEt02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
52.0 - 57.0 5.0170Et07 5.OJJOE-Oli 3229 5. 125OE-06 5. 12JOEt02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

I 57.0 - 62.0 ~.918OEt01 5.0JJOE-06 3229 5.125OE-06 5.12JOEt02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOOco
'" 62.0 - 67.0 ~.7270Et01 5.0JJOE-D6 3229 5. 125OE-06 5.12JOEt02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOOI

61.0 - 72.0 ~.~2JOEt07 5.03JOE-Oli 3229 5.I250E-06 5.12JOEt02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
72.0 - 71.0 ~.3510Et07 5.0JJOE-06 3229 5. 125OE-06 5.12JOEt02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
71.0 - 82.0 ~.259OEt07 5.03JOE-Oli 3229 5.125OE-06 5.12JOEt02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
82.0 - 87.0 ~.08OOEt07 5.0JJOE-D6 3229 5. 12""QE-06 5.12JOEt02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
87.0 - 92.0 J.5180Et01 5.03JOE-Oli 3229 5.125OE-D6 5.12JOEt02 O.OOOOEtOO 9 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
92.0 - 97.0 3. 3700Et07 5.0JJOE-Oli 3229 5.125OE-06 5.12JOEt02 O.OOOOEtOO 8 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

--------------------------------------------------------------------------------------------------- ---------------
TOTAL 9.~~8Et08 2.5562Et05 tOR - 2.~t05

------------------------------------------------------------------------------------------------------------- ----------
I

I. 1910Et082 Lake surface area (uters squared) .sed to calculate stratWl vol.... Nas
Depth uasured below trar,sdueer, Nhich .... I • fl'Oll surface•

• •



Rppendix Table 39. Hydroacouslic eslilate of fish imabiling Area 3, Kenai take, Alaska based on Transect II Iday survey} integrator output. 1
~--------------------------------------

----~;;~2--_;;rat.:---Me:--~..be;:--;a~ard

Stralul Vol.. Sigla Echoes Deviation A
III h....3} Used Sig~a Constant

Integrator
Output

H..ber
of

SeqUIlllCl!S

Mean
Integrator
Variance

Fish
Density
lno./IA 31

EsUlated
H..ber of

Fish Variar",e

Confidence
Lilils
(95~1

I
\D

?

Z.O - 7.0
7.0 - IZ.O

IZ.O - 17.0
17.0 - l!l!.0
l!l!.0 - Z7.0
Z7.0 - 3l!.0
3l!.0 - 37.0
37.0 - 4Z.0
4l!.0 - 47.0
47.0 - 52.0
5i!.0 - 57.0
57.0 - 6C!.0
6C!.0 - 67.0
67.0 - n.o
n.o - 77.0
77.0 - Bl!.0
1ll!.0 - 87.0
87.0 - 9l!.0
9l!.0 - 97.0

5.IZOOE+07
5.0400E+07
4. 9690E+07
4.9l!40E+07
4. 8940E+07
4. 8640E+07
4.7970E+07
4. 7410E+07
4. 6840E+07
4. 638OE+07
4.588OE+07
4. 49l!OE+07
4. 4270E+07
4.38OOE+07
4.314OE+07
4.265OE+07
4.1870E+07
4.039OE+07
3. 9610E+07

4. 335OE-06
4.335OE-06
4.335OE-06
4.335OE-06
4.335OE-06
4.335OE-06
4. 335OE-06
4.335OE-06
4.335OE-06
4.335OE-06
4.335OE-06
4.335OE-06
4. 335OE-06
4.335OE-06
4.335OE-06
4.335OE-06
4. 335OE-06
4.335OE-06
4. 335OE-06

536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 .4. 4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06
536 4.4310E-06

5. 9470E+02
5. 9470E+02
5. 9470E+02
5.9470E+02
5.9470E+02
5. 9470E+02
5. 9470E+02
5.9470E+02
5.9470E+02
5. 9470E+02
5. 9470E+02
5.9470E+02
5. 9470E+02
5. 9470E+02
5. 9470E+02
5.9470E+02
5. 9470E+02
5. 9470E+02
5. 9470E+02

1.9l!00E-05
4.4l!9OE-o&
Z.l!84OE-D8
t.l\OZOE-D7
O.OOOOE+OO
2.599OE-o&
2.205OE-D7
4.395OE-D9
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
o.OOOOE+OO
O.OOOOE+OO
9. 5l!5OE-10

10
10
10
10
10
10
10
10
10
10
9
9
9
9
9
9
9
8
8

2. 4940E-IO
1.9610E-15
5.215OE-16
2. 83l!OE-14
O.OOOOE+OO
2. 249OE-16
4. 8610E-14
1.9310E-17
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
O.OOOOE+OO
o.OOOOE+OO
O.OOOOE+OO
6. 559OE-19

1.1420E-D2 5.8463E+05 2. 3l!OOE+I 1 9.4400E+05
2.6340E-05 1.3l!74E+03 1.766OE+06 2.6040E+03
I.358OE-05 r.. 7485E+02 4.563OE+05 1.3l!4OE+03
1.072OE-04 5.2788E+03 2.4340E+07 9.6710E+03
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
I. 546OE-05 7~ 5i!02E+02 t.l\93OE+05 8.528OE+02
1.3110E-D4 6.2903E+03 3.965OE+07 1.234OE+04
2.6140E-06 1.2393E+02 1.539OE+04 2.4310E+02
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O. OOOOE+OO O. OOOOE+OO O. OOOOE+OO O. OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
0. OOOOE+OO O. OOOOE+OO 0. OOOOE+OO O. OOOOE+OO
O. OOOOE+OO O. OOOOE+OO O. OOOOE+OO O. OOOOE+OO
5. 6650E-D7 2. 2437E+OI 3. 649OE+02 3.744OE+OI

-----------
TOTRI. 8.73l!4E+08 5.9910E+05 + OR - 9. 4410E+05

r~~~;::~fa:~~~: (~;~~squ~ed;-::ed -to-~Iculate &trat:;~I"MIS I.0540E+07.
Depth lIlasured bel... transducer, liIich Mas 1 I froe surface.

_.:.-
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Appe"di. Table 40. Hydroacoustic estilate of fiib inhabiting Area J, KeoaiLake, Alaska booed on Tranoect 12 Cday survey1 integrator output. I

I --------------------------------------------------------------------- --------------------------------------------------. DePth
2 Strat.. Mean NUMber Starodard Nwober Mean Fi5h Elitilated Co,.tidence

StratUM Volu.. Sigla Echoeli Devialion A Integrator of Integrator Density NUMber of Lilih
C.I II'JI IJ5ed Sigma Con5tant Output Sequenceli Variance (oo./I'JI Fiib Variance 195~1

-------------------------------------------------------- ------------------------------------------------
2.0 - 7.0 5. 266OE'07 4.8700E-06 381 5.4JOOE-06 5.~.QZ J.078OE-06 12 J.5Z70E-12 1.629OE-oJ 8.5808Et04 2.7G6OEtOO I.OJlOEt05
7.0 - 12.0 5.Z670Et07 U700E-06 381 5.4JOOE-06 5.2'.l40EtOZ J.77JOE-06 12 7.1I6OE-12 1.9970E-oJ 1.0519Et05 5.569OEtOO I. 46JOEt05

12.0 - 17.0 5.2J9OE'07 U700E-06 381 5.4JOOE-06 5.~tOZ 1.0610E-05 12 1.1270E-10 5.62OOE-oJ 2.9HJE'05 8. 6970E'10 5.78OOEt05
17.0 - 2l!.0 5. 21JOEt07 U700E-06 381 5. 4JOOE-06 5. 2'.l4OEtOZ l!. 798OE-07 12 7.reaoE-14 I. 4810E-D4 7.7ZZIEtOJ 5.J7JOEt07 1.4J70Et04
ZZ.O - 27.0 5.1870E'07 U700E-06 381 5. 4JOOE-06 5. 2'.l4OEtOZ O.OOOOEtOO 12 O.OOOOEtOO O.OOOOEtOO O.OOOOE'OO O.OOOOEtOO O.OOOOE'OO
27.0 - 32.0 5.1640Et07 U700E-06 381 5.4JOOE-06 5.2'.l4OEtOZ 1.9J70E-08 12 2.1070E-16 1.OZ5OE-D5 5. 2'.l54EtOZ I. 5840Et05 7.80IOEtOZ
32.0 - J7.0 5.1J9OEt07 U700E-06 381 5.4JOOE-06 5.2'.l4OEtOZ O.OOOOE·OO 12 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
J7.0 - 42.0 5. 1180Et07 U700E-06 381 5.4JOOE-06 5. 2'.l4OEtOZ O.OOOOE'OO 12 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE'OO
4Z.0 - 41.0 5.0900Et07 4.8700E-06 381 5.4JOOE-06 5. 2'.l4OEtOZ O.OOOOEtOO 12 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE.OO O.OOOOEtOO
41.0 - 52.0 5.0540E'07 U700E-06 381 5. 4JOOE-06 5.2'.l40E'QZ O.OOOOEtOO 11 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
5Z.0 - 57.0 4.405OE'07 U700E-06 381 5.4JOOE-06 5. 2'.l4OEtOZ 2.H9OE-IO 11 4.62OOE-ZO 1.IJ8OE-07 5.01ZOEtOO 2.5Z00EtOl 9.8J9OEtOO

I 57.0 - 62.0 4.032OEt07 U700E-06 381 5.4JOOE-06 5.2'.l4OEtOZ O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE.OO O.OOOOEtOO..,
~ 62.0 - 67.0 J.9840Et07 U700E-06 381 5.4JOOE-06 5.2'.l4OEtOZ O.OOOOE·OO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOE'OO O.OOOOEtOO O.OOOOEtOOI

67.0 - 12.0 J.95OOEt07 4. 8700E-06 381 5.4JOOE-06 5.2'.l4OEtOZ O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
12.0 - 77.0 J.91ZOEt07 U700E-06 381 5.4JOOE-06 5. 2'.l4OE.QZ O.OOOOE'OO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOE'OO O.OOOOE.OO O.OOOOE.OO
77.0 - 82.0 J.87J0E.07 4. 8700E-06 381 5.4JOOE-06 5.2'.l4OEtOZ O.OOOOEtOO 10 O.OOOOE'OO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
82.0 - 87.0 J.8J9OE'07 U700E-06 381 5.4JOOE-06 5. 2'.l4OEtOZ O.OOOOE'OO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE.OO
87.0 - 92.0 J.8180Et07 U700E-06 381 5.4JOOE-06 5. 2'.l4OEtOZ O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
92.0 - 97.0 J.78ZOEt07 U700E-06 381 5. 4JOOE-06 5.2'.l4OEtOZ O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE'OO O.OOOOEtOO

----------------------------------------------------- ------------------ ---------------------
TOTAL 8.7JJ&t08 4.9J68Et05 .OR- 6.05J0E'05

i------------------------------------------------------------ ------------------------------- -----------
2 Lak. surface area I..terli squared1 used to calculate stratul vol... NOli I.054OEt07

Depth ..asured bel"" transducer. which was I I froo surface•

• .. •



Appe~di. Table ~I. Hydroacoustic estiaate of fish inhabiti~g Area ~, Kenai"Lake, Alaska based on Transect 13 (day survey1 integrator output.
I

-------------------------------------------------------- ----------------------
Depth

2
StratUII Mean NUllber Standard NUllber Mean Fish Estilated Confidence

StratUII Volulll! Sigaa Echoes Deviation A Integrator of Integrator Density Nulber of Lilits
(II (r31 Used Sigoa Constant Output Sequences Variance (no./r31 Fish Variance 195JI

--------- ------------------------------
2.0 - 7.0 7.18OOEt07 ~.406OE-06 1525 4.1195OE-06 5. 8:i2OEtl12 8.892OE-06 11 3. 5520E-11 5.20JOE-03 3. 7358Et05 6. 28IOEtIO 4.912OEt05
7.0 - 12.0 7.18JOEt07 4.406OE-06 1525 4. 895OE-06 5.852OEtll2 J."IOE-oB 11 I. 326OE-15 2.1310E-05 1.5JOJEt03 2.3HOEt06 3.00IOEt03

12.0 - 17.0 7.1370Et07 ~.406OE-06 1525 4. 895OE-06 5. 8520Etll2 o.OOOOEtOO 11 o.OOOOEtOO o.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O. OOOOEtOO
17.0 - 22.0 7.0960Et07 4.4060E-06 1525 4.895OE-06 5.852OEtll2 O.OOOOEtOO 11 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
22.0 - 27.0 6.9870Et07 4.~060E-06 1525 4. 895OE-06 5.852OEtll2 O.OOOOEtOO 11 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
27.0 - 32.0 6.885OEt07 4.406OE-06 1525 4.895OE-06 5.852OEtll2 O.OOOOEtOO 11 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
32.0 - 37.0 6. 79OOEt07 ~.~060E-06 1525 4. 8950E-06 5.852OEt02 2. 784OE-o'J 11 7. 749OE-18 1.629OE-06 1.106IEtll2 1.225OEtM 2. 169OEt02
37.0 - ~2.0 r.. 619OEt07 ~. ~060E-06 1525 4.895OE-06 5. 8520Etll2 o.OOOOEtOO 11 o.OOOOEtOO o.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
~.O - ~7.0 6.554OEt07 ~.406OE-06 1525 4.895OE-06 5. 8520Etll2 O.OOOOEtOO 11 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
~7.0 - 52.0 6.~J2OEt07 4.~060E-06 1525 4.895OE-06 5.8520Etll2 O.OOOOEtOO 11 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
52.0 - 57.0 6. 317OEt07 ~.~-06 1525 4.895OE-06 5.8520Etll2 O.OOOOEtOO 11 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

I
O.OOOOEtOO<D 57.0 - 62.0 6.199OEt07 ~.406OE-06 1525 4.895OE-06 5.852OEtll2 11 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

'" 5. 8520Etll2I 62.0 - 67.0 5. 969OEt07 4.4060E-06 1525 4. 895OE-06 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
67.0 - 72.0 5.82JOEt07 4. ~or.OE-06 1525 4. 895OE-06 5.852OEtll2 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
72.0 - no 5.67~t07 ~.406OE-06 1525 ~.895OE-06 5.852OEtll2 O.OOOOEtOO 9 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
no - 82.0 5.~J5OEt07 4.4060E-06 1525 U95OE-06 5.852OEtll2 O.OOOOEtOO 8 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
82.0 - 87.0 5.3HOEt07 ~.406OE-06 1525 4.895OE-06 5. 8520Etll2 O.OOOOEtOO I O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
87.0 - 92.0 5. 28JOEt07 ~.~06OE-or. 1525 4.895OE-06 5.852OEtll2 ~. 716OE-IO 8 2.22~-19 2. 76OOE-07 I. 4578EtOl 2.1270Etll2 2.859OEtOl
92.0 - 97.0 5.24JOEt07 4.406OE-06 1525 U95OE-06 5.852OEtll2 O.OOOOEtOO 8 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

-------------------- ------- ----------------------- ----------------
TOTAL 1.202IEt09 3.752~t05 t OR - ~. 912OEt05

------------------------------------------------------------------------- ------------------------------------------------------
I

1.4J70Et072 Lake surface area IlIIters squared) used to calculate stratUII volulll! ""
Depth III!l5ured belOi transducer, Ihich 115 I I froe surface.
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. Appe,.dix lible 42• Hydroacoustic estillate of fish inhabiting Area 4, Kenai Lake, Alaska based on Transect 14 Cday surveyI integrator output. I
I ----------------------------- -----------------------------

Depth2 Stratu. Mean Nu.ber Standard Nu.ber Mean Fish Estillated Confidence
Stratllll Vol...... Sigu Echoes Deviation A Integrator of Integrator Density Nullber of Lillih

III) 1..3) Used Si!l"i Constant Output Sequences Variance Cno./IIA31 Fish Varia,a 195jl
------- ----------------- -------------

2.0 - 7.0 7. 178OE+07 4.~-{)Ii 662 5. 529OE-06 5.163OE+02 4.182OE-06 II 1.262OE-1I 2.159OE-G3 1.5496E+05 1.738OEt10 2. 5840E+05
7.0 - 12.0 7.136OE+07 4.994OE-llii 662 5. 5290E-{)Ii 5.163OE+02 i.IOJOE-oI II 2.9210E-15 3.1510E-05 2. 2481EtOJ 3. 9740E+06 3.9070E+03

12.0 - 17.0 7.0nOE+07 4. 9940E-06 662 5.529OE-06 5.163OE+02 2. 452OE-G7 II 6.0120E-14 1.266OE-04 8.9:i78Et03 8.039OEt07 I. 7570Et04
17.0 - 22.0 7.0650E+07 4.994OE-{)Ii 662 5.5290E-{)Ii 5.163OE+02 . 1.436OE-ol II 1.249OE-16 7.411OE-llii 5. 2359E+02 I. 6670Et05 8.ooJOEt02
22.0 - 27.0 7.05IOEt07 4.~-{)Ii 662 5. 5290E-{)Ii 5.163OEt02 1.305OE-G7 II 1.7030E-14 i. 736OE-05 4.7496EtOJ 2. 26OOEt07 9.318OE+03
27.0 - 32.0 7.0400E+07 4.994OE-llii 662 5.~-{)Ii 5.163OE+02 4.128OE-09 II 1.7040E-17 2.1310E-llii 1.500JEt02 2.255OEt04 2.94JOEt02
32.0 - 37.0 7.026OE+07 4.994OE-{)Ii 662 5. 529OE-{)Ii 5.163OE+02 1.095OE-ol II 1.198OE-16 5. 6510E-06 3.970JEt02 I. 579OEt05 7. 789OE+02
37.0 - 42.0 7.0140E+07 4. 9940E-llii 662 5.529OE-llii 5.163OE+02 1.7910E-G7 II 3.0820E-14 9.246OE-05 6. 4853E+03 4.049OE+07 I. 2470E+04
42.0 - 47.0 7.oo1OE+07 4.~-{)Ii 662 5. 529OE-llii 5.163OE+02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtoo O.OOOOEtOO O.OOOOEtOO
47.0 - 52.0 6. 9870E+07 4.994O[-{)Ii 662 5.529OE-{)Ii 5.163OEt02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtoo
52.0 - 57.0 6. 9370E+07 4. 994OE-{)Ii 662 5. 5290E-06 5.I6JOE+02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtoo O.OOOOEtOO O.OOOOEtOO O.OOOOEtoo

I 57.0 - 62.0 6.916OE+07 4.994OE-{)Ii 662 5.529OE-{)Ii 5.163OE+02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOOU)
w 62.0 - 67.0 £.866OE+07 4.994OE-llii 662 5. 529OE-06 5.163OE+02 O.ooooEtoo II O.OOOOEtOO O.OOOOEtoo O.OOOOEtOO O.OOOOEtOO O.OOOOEtOOI

67.0 - 72.0 6. 799OE+07 4.994OE-llii 662 5. 529OE-{)Ii 5.163OEt02 O.OOOOEtOO II O.OOOOEtoo O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
72.0 - n.o 6.7410Et07 4. 994OE-{)Ii 662 5.529OE-{)Ii 5.163OE+02 O.OOOOEtoo 11 O.OOOOEtoo O.OOOOEtoo O.OOOOEtOO O.OOOOEtoo O.OOOOEtOO
77.0 - 82.0 6.683OE+07 4.994OE-llii 662 5.529OE-llii 5.16JOEt02 O.OOOOEtOO II O.OOOOEtoo O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
82.0 - 87.0 6. 589OE+07 4.9940E-06 662 5. 529OE-06 5.16JOE+02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtoo O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
87.0 - 92.0 6.5070E+07 4. 9940E-llii 662 5.529OE-{)Ii 5.16JOE+02 O.OOOOEtOO II O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
92.0 - 97.0 6. 426OEt07 4. 994OE-llii 662 5.529OE-{)Ii 5.163OE+02 O.OOOOEtOO 11 O.OOOOEtoo O.OOOOEtOO O.OOOOEtOO O.OOOOEtoo O.OOOOEtOO

--------------------------------------------- ------ ----------
TOTAL 1.3104Et09 I. 7847E+05 tOR- 2.595OE+05

-------------------------------------------- --------------- ----------------I 1.4370Et07.2 Lake surface area c.",ters squaredI used to calculate stratWl vol...... WiS

Depth lIlasured by transducer, which WiS I II froll surface•

• • .. •



Appendix Table ~3. Hydroacoostic esti.ate of fish inhabiting Area 5, Kenai Lake, Alaska based OIl Transect 15 Cday lurveyl. Integrator output. I

------------------
Depth2

Stratue "'an llllllber Standard IIIIIIber .-an Fish EsU.ted Confidence
Stratue VoI_ Sigea Echoes DeviatiDll A Integrator of Integrator Density NUllber of U.ih

e.1 C..J) Used Sigoa Constant Output Seqlll!llCU Variance Cno.'''J) Fish Variance e95~)

------------
2.0 - 7.0 5.~58OE+07 5.J700E-06 88 5.9o\70E-06 ~.8010E+02 J.J9JOE-05 I 2.53-\01:-10 1.62'lOE-02 8. 8927E+05 1.8510E+11 8.~32OE+05

7.0 - 12.0 5.~6OOE+07 5. J700E-06 88 5.9o\70E-06 ~.8010E+02 2.5J8OE-06 8 5. 572OE-12 1.21'lOE-oJ 6.6546E~ J.8910E+09 1.22JOE+05
12.0 - 17.0 5. ~5'lOE+07 5.J700E-06 88 5. 9o\70E-06 ~.8010E+02 9.0660E-oB I 5.01~0E-15 ~.J5JOE-05 2.J76OE+OJ J.522OE+06 J.679OE+OJ
17.0 - 22.0 5.~I~OE+07 5. J700E-06 88 5. 90\70E-06 ~.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
22.0 - 27.0 5.J5OOE+07 5.J700E-06 88 5. 90\70E-06 ~.8010E+02 2.JJ8OE-07 I 2.352OE-1~ 1.12JOE~ 6.00r.IE+OJ 1.60JOE+07 7.M6OE+OJ
27.0 - 32.0 5. 28JOE+07 5. J700E-06 88 5.9o\70E-06 UOIOE+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
32.0 - J7.0 5. 2170E+07 5. J700E-06 88 5. 9o\70E-06 ~. 8010E+02 o.OOOOE+OO 8 O.OOOOE+OO o.OOOOE+OO o.OOOOE+OO O.OOOOE+OO o.OOOOE+OO
J7.0 - ~.O 5.155OE+07 5.J700E-06 88 5. 9o\70E-06 ~.8010E+02 1.2lI0E-oB 8 1.~70E-16 5.8ISOE-06 2. 99HE+02 9.1I00E~ 5.916OE+02
~.O - ~7.0 5.098OE+07 5. J700E-06 88 5. 9o\70E-06 ~.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO

I ~7.0 - 52.0 5.0J6OE+07 5.J700E-06 88 5.9o\70E-06 ~.8010E+02 1.82JOE-09 8 3. J220E-18 8.75IOE-07 ~.~9E+01 I. 969OE+OJ 8. 6970E+OI

'" 52.0 - 57.0 ~.95JOE+07 5.J700E-06 88 5. 9o\70E-06 ~.8010E+02 O.OOOOE+OO I O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO..,.
I 57.0 - 62.0 ~.88JOE+07 5.J700E-06 88 5. 9o\70E-06 ~.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO o.OOOOE+OO O.OOOOE+OO o.OOOOE+OO

62.0 - 67.0 ~. 7920E+07 5. J700E-06 88 5. 9o\70E-06 ~.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
67.0 - 72.0 ~.675OE+07 5.J700E-06 88 5. 90\70E-06 ~.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
72.0 - 77.0 ~.567OE+07 5.J700E-06 88 5.9o\70E-06 ~.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
n.o - 82.0 M700E+07 5.J700E-06 88 5.9o\70E-06 ~.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
82.0 - 87.0 ~. JllOE+07 5.J700E-06 88 5.9o\7OE-06 ~.8010E+02 O.OOOOE+OO 8 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
87.0 - 92.0 ~.1670E+07 5.J700E-06 88 5. 90\70E-06 ~.8010E+02 J.4510E-07 8 1.1910E-1J 1.6570E~ 6.~+OJ ~.8JJOE+07 I.J6JOE~

92.0 - 97.0 ~.0570E+07 5.J700E-06 88 5.9o\70E-06 ~.8010E+02 O.OOOOE+OO I O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
----

TOTAL 9.J805E+08 9.71-\5E+05 +DA- 8.522OE+05
.-------------- ---~----. --------- ----------
2 Lake surface area e..tel'S squared) used to calculate stratue vol_ .... 1.09JOE+07.

Depth ..asured bel"" transducer, llhlch ...s I • fl'Clll surface.
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Appendix Table ~~. Hydroacoustic esti.ate of fish inhabiting Area 5, Kenai"Lake, Alaska based on Trarmect 16 (day survey) integrator output. I

---------------------------------- -------------------------------------------------------------
Depth

2
St rat 118 Mean Nuaber Shrlllard Nwober Mean Fish Esti.atod Cor,fidence

Stratua Vol.... Sig... Echoes Deviation A Int.grator of Integrator Density Nuaber of Li.ih
I.) (.-3) Used Sill"a Constant Output Sequences Variance 1110./.-3) Fish Variance 1951tl

--------------------------------- -----------------------------------
2.0 - 7.0 5.4610E+07 6.2010E-06 ~8 1.59OOE-05 ~.158OE+02 1.074OE-05 10 3.~~2OE-11 ~. 4li70E-()3 2.~39JEt05 2. 59OOEtiO 3.I~OE+05

7.0 - 12.0 5.4li3OE+07 6.2010E-()6 ~8 1.59OOE-05 ~.158OE+02 e.5~-()7 10 3.2910E-13 3. 5720E-D\ 1.9516E~ 2.219OEtOB 2.~~
12.0 - 17.0 5.~65OE'07 r.. 20I0E-()6 ~8 1.59OOE-05 ~.158OE+02 7.429OE-oB 10 5.519OE-15 3.089OE-05 1.6880Et03 3.2~00E'06 3.528OEt03
17.0 - 22.0 5.~33OE+07 6.2010E-()6 ~8 1.59OOE-05 ~.158OE+02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
22.0 - 27.0 5.~3JOEt07 6.2010E-()6 ~8 1.59OOE-05 ~.158OE'02 O.o.oooEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
27.0 - 32.0 5.~33OE+07 6.2010E-()6 48 1.59OOE-05 ~.158OE+02 1.1420E-()7 10 9.624OE-15 ~. 748OE-05 2.519'3Et03 5.82JOEt06 ~.73OOE+03

32.0 - 37.0 5.~33OE'07 6.2010E-06 ~8 1.59OOE-05 ~.158OE+02 2.~2OE-oB 10 6.~63OE-16 1.0570E-05 5.nJOEt02 3. 75OOEt05 1.2OOOEt03
37.0 - ~2.0 5.~3JOE+07 6.2010E-()6 ~8 1.59OOE-05 ~.158OE+02 o.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
42.0 - 41.0 5.~3JOE+07 6.2010E-()6 ~8 1.59OOE-05 ~.158OE+02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
41.0 - 52.0 5.UJOE+07 6.2010E-()6 ~8 I. 59OOE-05 ~.158OE+02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO

I 52.0 - 57.0 5.~12OE+07 6.2010E-()6 48 1.59OOE-05 ~.158OE+02 O.OOOOEtOO 10 o.OOOOEtOO O.OOOOEtOO O.OOOOEtOO o.OOOOE.OO O.OOOOEtOO..,
57.0 - 62.0 5.36OOE+07 6.2010E-()6 48 I. 59OOE-05 ~.158OE+02 O.OOOOE'OO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE.OO O.OOOOEtOO01

I 62.0 - 67.0 5. 3210E'07 6.2010E-()6 48 1.59OOE-05 ~.158OE'02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE'OO
67.0 - 72.0 5. 2820E'07 6.2010E-()6 ~8 1.59OOE-05 ~.158OE+02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOE'OO O.OOOOEtOO O.OOOOEtOO
72.0 - 77.0 5.2~JOE'07 6.2010E-()6 ~8 1.59OOE-05 ~.158OE+02 O. OOOOE,OO " 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE.OO O.OOOOEtOO
77.0 - 82.0 5.1~+O7 6.2010E-()6 48 1.59OOE-05 ~.158OE+02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
82.0 - 87.0 5.152OE+07 6. 20I0E-()6 ~8 I. 59OOE-05 ~.158OE+02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOE'OO O.OOOOEtOO
87.0 - 92.0 5. 115OE+07 6.2010E-()6 48 1.59OOE-05 ~.158OE+02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
92.0 - '37.0 5.0700E+07 6. 2010E-()6 48 1.59OOE-05 ~.158OE+02 O.OOOOEtOO 10 O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO O.OOOOEtOO
----------- -------------------

TOTAL 1.0157EtO'J 2.6829Et05 t OR - 3.168OEt05

j---------------------------------------------------------------------------------------------------------------- ------
2 Lake surface area (IIIlters squarod) usod to calculate strat... vol_ IliS I. O'JJOE+07.

Depth ""asured below transducer, Iihich IliS I • froe surface.



Appendh Table 45. HydrolCOustic estiaate of fish imabiting Area 5, Kenai -lake, Alaska based on Transect 18 Iday lurvey) integrator output. 1

--De;~h2----Str:t':---lIean

Strat.. Vol... Sigo
la) I....J)

NlIIIber
Echoes

Used

Standard
Deviation

Sigea
A

Constant
Integrator

Output

Hueber
of

Sequences

Meln
Integrator
Variance

Fish
Density

loo.'....JI

Estiaated
Huaber of

Fish VarlallCtl

Confider",e
Uaits
(95~)

I

'"0\
I

2.0 - 7.0 5.45ZOE+07 8.964OE-06
7.0 - 12.0 5. J070E+07 8.964OE-06

12.0 - 17.0 5.20IOE+07 1.9Ii40E-06
17.0 - 22.0 5.1400E+07 8.9Ii40E-06
22.0 - 27.0 5.06J0E+07 8.9Ii4OE-06
27.0 - 32.0 4.95OOE+07 8.9Ii40E-06
32.0 - 37.0 4. 778OE+07 8.9Ii4OE-06
J7.0 - 42.0 4.6290£+07 I. 964OE-06
42.0 - 47.0 4.462OE+07 8.964OE-06
47.0 - 52.0 4.2970E+07 8.9640E-06
52.0 - 57.0 4.0680E+07 8.9Ii4OE-06
57.0 - 62.0 J.82OOE+07 I. 964OE-06
62.0 - 67.0 J.598OE+07 8.964OE-06
67.0 - 72.0 J.JJ6OE+07 8.9640E-06
72.0 -77.0 2. 788OE+07 8.964OE-06
77.0 - 82.0 1.7JIOE+07 8.9Ii4OE-06
82.0 - 87.0 4.166OE+06 8.9Ii40E-06
87.0 - 92.0 O.OOOOE+OO 8.9640E-06
92.0 - 97.0 O.OOOOE+OO 1.9Ii4OE-06

28 1.188OE-05 2.8760£+02 4.4JJOE-06
28 1.188OE-05 2.8760£+02 O.OOOOE+OO
28 I. 188OE-05 2. 8760£+02 I. 15JOE;l7
28 1.188OE-05 2.8760£+02 2.168OE-06
28 1.188OE-05 2.8760£+02 1.7710E-06
28 1.188OE-05 2.8760£+02 6. 4270E;l7
28 1.188OE-05 2.8760£+02 O.-OOOOE+OO
28 1.188OE-05 2.8760£+02 O. OOOOE+OO
28 1.188OE-05 2.8760£+02 O. OOOOE+OO
28 1.188OE-05 2.8760£+02 1.08J0E;l8
28 1.188OE-05 2.8760£+02 O.OOOOE+OO
28 1.188OE-05 2.8760£+02 O. OOOOE+OO
28 I. 188OE-05 2.8760£+02 O. OOOOE+OO
28 1.188OE-05 2.8760£+02 O.OOOOE+OO
28 1.188OE-05 2.8760£+02 O.OOOOE+OO
28 1.188OE-05 2.8760£+02 O. OOOOE+OO
28 1.188OE-05 2.8760£+02 O. OOOOE+OO
28 1.188OE-05 2.8760£+02 O. OOOOE+OO
28 1.188OE-OS 2.8760£+02 O.OOOOE+OO

I
8
8
8
8
8
8
7
7
7
7
6
6
6
6
5
2
o
o

9.J95OE-12 1.275OE;lJ 6.95I1E+04 2.6IJOE+09 1.0020E+05
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
2. 8590E-IJ 2. J45OE~ 1.2197E+04 7. JJJOE+07 1.678OE+04
I. 452OE-12 6.2J6OE~ 3.2052E+04 J.8170E+08 J.829O£+04
_1.17JOE-12 5.09JOE~ 2.5786E+04 2.904OE+08 J.J400E+04
4.IJI0E-IJ 1.849O£~ 9.150IE+OJ 8.898OE+07 1.8490£+04
O.OOOOE+OO O.OOOOE+OO - O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
1.174OE-16 3.116O£-G6 1. JJ89E+02 1.905OE+04 2.7050E+02
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO

---------------
TOTI¥.. 6.9OJ7£+08 1.488JE+05 + OR - 1.1510E+05

----------- -----------------
1
2 lake surface area I.tars squared) used to calculate strlt.. vol_ was 1.09OJOE+07.

Depth .asured belOll transducer, lOhich was 1 a froe surhce.



Appendix Table ~6. Hydroacou5tic e5tilate of fioh inhabiting Area 5, Kenai'Lake, Ala5ka based on Transect I~ (day 5urvey) integrator output. I
-------- ---------------------------------

Depth2 Strat.. Mean H..ber Standard HlIIIber Mean Fioh E5lilated Confidence
Strit.. Vol_ Sig.. Echoes Deviation A Integrator of I,.tegrator Density NwI1ler of Lilits

(II (11"3) Used Sig.. Constant Output Sequence. Variance (,.o.,"A 31 Fioh VariarlCe (95~1

--------- ------------------
ao- 1.0 5.~3OE+01 5.1910E-06 135 1.0500E-06 ~. ~52OE+1Il! 1.288OE-«i 12 ~.115OE-11 5.136OE-03 3.I~E+05 2.~32OE+IO 3.356OE+05
1.0 - 12.0 5.~56()E+01 5.1~10E-0li 135 1.0500E-06 ~. ~52OE+1Il! 1.~98OE-G1 12 2.mOE-I~ 6.1i6~-05 3. 6381E+03 1.3~+O1 1.I11OE+03

12.0 - 11.0 5. 3950E+01 5.1~10E-06 135 1.0500E-06 ~. ~52OE+1Il! O.OOOOE+OO 12 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
11.0 - 22.0 5.0850E+01 5.1~10E-G6 135 1.0500E-06 ~. ~52OE+1Il! 1.1060E-G1 12 1.522OE-I~ 1.5~10E-05 3. 8633E+03 1.~10E+OIi 5.532OE+03
22.0 - 21.0 ~.163OE+01 5.1~10E-06 135 1.0500E-06 4. 4520E+1Il! 2.1100E-08 U 4.IUOE-16 1.233OE-05 5. 8131E+1Il! 2.2010E+05 ~.195OE+02

21.0 - 32.0 ~.2310E+01 5.1~10E-06 135 1.0500E-06 ~. ~52OE+1Il! O.OOOOE+OO 11 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
32.0 - 31.0 2.~3OE+01 5.1~10E-0li 135 1.0500E-06 4. 452OE+02 O.OOOOE+OO 10 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
31.0 - ~2.0 I. 115OE+01 5.1~10E-G6 135 1.0500E-06 4.452OE+1Il! ' O.OOOOE+OO 6 O.OOOOE+OO O.OOOOE+OO o.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
42.0 - 41.0 1.848OE+05 5.1910E-06 135 1.0500E-06 4.450.00E+1Il! O.OOOOE+OO 3 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
41.0 - 52.0 O.OOOOE+OO 5.1~10E-G6 135 1.0500E-0li 4.452OE+1Il! O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO

I 52.0 - 51.0 O.OOOOE+OO 5.1910E-06 135 1.0500E-06 4.452OE+1Il! O.OOOOE+OO 0 1.0000E+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
'" 51.0 - 62.0 O.OOOOE+OO 5.1910E-G6 135 1.0500E-0li ~.452OE+1Il! O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO"I 62.0 - 61.0 O.OOOOE+OO 5.1~10E-06 135 1.0500E-06 4.452OE+1Il! O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO

61.0 - 12.0 O.OOOOE+OO 5.1910E-06 135 1.0500E-G6 4.~52OE+1Il! O.OOOOE+OO 0 1.0000E+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
12.0 - 11.0 O.OOOOE+OO 5.nlOE-06 135 1.0500E-06 4.452OE+1Il! O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
11.0 - 82.0 O.OOOOE+OO 5.1910E-06 135 1.0500E-06 4. ~52OE+1Il! O.OOOOE+OO 0 1.0000E+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
82.0 - 81.0 O.OOOOE+OO 5.1910E-06 135 1.0500E-G6 4. ~52OE+1Il! O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
81.0 - ~.O O.OOOOE+OO 5.1910E-06 135 1.0500E-G6 4.452OE+1Il! O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO
~.O - ~1.0 O.OOOOE+OO 5.1~10E-06 135 1.0500E-06 4.452OE+1Il! O.OOOOE+OO 0 I.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 0·0000E+90 O.OOOOE+OO

----------- -----------
TOT~ 3.5115E+08 3.2143E+05 + OR - 3.3510E+05

i-------------------------------------------- ---------
2 Lake 5urface area hll!ter5 squared) used to calculate stratUII vol_ .... 1.~3OE+01

Depth ""a5ured below transducer, lOhich liaS I I fro. surface•

• • •
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Appendix Figure 1. Echogram of transect lOA (one minute segments 9-12,
depth interval 5m) in Kenai Lake (night survey),
Alaska, September 1986.
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Appendix Figure 2. Echogram of transect 14A (one minute segments
20-23. depth interval 5m) in Kenai Lake (night
survey). Alaska. September 1986. •
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Segments 15 to 17
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Segments 42 to 45

Appendix Figure 3. Echogram of transect 1 (one minute segments 15-18
and 42-45, depth interval 5m) in Skilak Lake
(night survey). Alaska. October 1986.
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Appendix Figure 4. Echogram of transect 4 (one minute segments 33-35.
depth interval 5m) in Skilak Lake (night survey).
Alaska. October 1~86.
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